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1 INTRODUCTION

1.1  Purpose

This report, the Engineering Analysis of Remedial Action Alternagives, Phase I {Phase
Il EAA), provides technical information to support the Feasibility Study for Remedial Acrion at
the Chemical Plam Area of the Weldon Spring Site (FS) (DOE 1992a) prepared by Argonne
National Laboratory {(ANL). -The focus of the Phase IT EAA is on the five alternatives retained
for detailed analysis in the FS: - no further action {1); removal, chemical solidification/ -
stabilization with on-site disposal (6A), removal, vitrification with- on-site disposal (7A);
removal, vitrification with off-site disposal at Clive, Utah (7B); and removal, vitrification with
off-site disposal at Richland, Washington (7C). Specific information regarding each of these five
alternatives is presented to support the detailed evaluation and comparative analysis of
alternatives in the FS. It should be noted that the cosis and design concepts presented
throughoutt: this Phase H BAA report for the various remedial technologies are preliminary in
nature. A companion document, the Engineering Analysis of Remedial Action Alternatives,
Phase T (Phase I EAA) (MKF and JEG 1992a), presents engineering information for a range of
potential treatment and containment options to support the FS screening process.

1.2  Report Organization

The sources, quantities, and primary contaminants of the Weldon Spring wastes are
discussed in Section 1.3 of this report. Section 2 provides a discussion of the primary waste
treatment technologies, chemical smbilization and vitrification, evaluated in the FS. Section 3
summarizes the alternative development process and the remedial action alternatives retained for
detailed evaluation. A detailed operational description for each of the five alternatives retained
is presented in Section 4, For comparative purposes, Alternative 1 - No Further Action 13
included as one of the five remedial action alternatives under consideration, consistent with
CERCLA guidance criteria for evalvation,

The effectiveness of the five remedial action alternatives is addressed in Section 5. This
section includes a discussion on the amount of hazardous materials treated or destroyed; the
reduction in toxicity, mobility, and volume; irreversibility of treatment; and type and quantity
of residuals. ' '

Section 6 presents the adequacy and reliability of controls associated with each remedial
action alternative, Section 7 discusses implementability of the alternative technologies and
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disposal opfions and addresses availability of technology, equipment, and specialists;
constructibility and operability; reliability of the technology; ease of undertaking additional
. remedial action; and the ability to monitor effectiveness. The time reguired to implement each
of the alternatives is presented in Section 8; a cost analysis summary is provided in Section 9.

Documents used to support preparation of this report are referenced in Section 10,
acronyms and abbreviations in Section 11, and symbols of elements and chemical compounds
in Section 12. More detailed cost information is contained in Appendix A, Alternatives
Summary Cost Estimate, |

1.3 ~ Waste Materials and Source Descriptions

The quantities and primary contaminants of the following Weldon Spring waste materials

and source areas are described is.this section. Waste quantities for the chemical plant area and
- vicinity properties were estimated based on the reference level of 15 pCi/g of uranium presented
in the Remedial Investigation for the Chemical Plant Area of the Weldon Spring Site (RI) (DOE

- . 1992b). This document was initiated before actual cleanup values had been developed as part

of the FS process, Therefore, the-volumes estimated in this report are preliminary estimates and
are conservative on the upper range. Contaminant source locations and storage areas are
illustrated on Figures 1-1, 1-2, and 1-3, and are listed below. '

Raffinate pits.

. North dump.

o South dump.

. Coal storage.

v Temporary storage area (TSA).
. Material staging area (MSA).
. Ash Pond speils pile.

»  Muich pite.
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. Asbestos-containing material (ACM) storage area.
. Building 434,

. Building foundations and underground piping and sewers in chemical plant
buildings area.

. Vicinity properties.

Areas being remediated under separate response actions, such as the Southeast Drainage
and Femme Osage Slough, are not inciuded in the scope of this analysis.

It should be noted that waste material quantities associated with the source locations and
storage areas shown abave will likely change as more definitive characterization is performed
for remedial design. Preliminary design concepts, cost estimates, and schedules using these
guantities may also change. '

1.3.1 Raffinate Sludges

During site operations, the Weldon Spring raffinate pits received process wastes fromythe
chemical plant, Pits 1, 2, and 3 contain raffinate sludge resulting from refining of uranium ore
concentrale and disposal of scrap metal. In addition to sludge, pit 4 contains thorium processing
wastes and drums and rubble from partial demolition of the plant. These four pits cover 25.8
acres and contain approximately 220,000 cubic yards of contamiriated slidges. Contaminant
value ranges for radionuclides and inorganic ions present in the siudge are listed in Table 1-1,
and metals concentrations are listed in Table 1-2.

1.3.2 Soils and Sediments

An estimated 302,200 cubic yards of contaminated soils and sediments are in place at the
locations described in the following sections. Radionuclide concentrations detected in these areas
are included in each discussion. The volumes of soil presented are based on the 15 pCifg
reference level discussed in the site RI Report (DOE 1992b) and do not repeesent voluimes based
on actual cleanup criteria. Cleanup levels are presented in-Section 2 of the site FS document
(DOE 1992a), Distribution of chemical contaminants in soils and sediments are addressed in
Section 5 of the site RI Report (DOE 1992b). '
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TABLE 1-1 Raffinate Sludge Contaminant Value Ranges

Contaminant Minimura Maximum
Radionuclides
Total Uramium 10 pCifg 3,400 pCifg
Thoriurme 230 8 pClig 34000 pCiig
Therurm-232 2 pCifg 7,480 pCilg
Radiur-228 1 pCiig 1,700 plifg
Radium-228 4 pCiig 1,400 ptlig
Inorganic lona

Mitrite MD 1,840 pofa
Mitrata HD 181,000 uglp
Eulfate WO 7.B83 wgig
Chiorlds. 2 gl 296 afg
Flucride ND 165 nglg

HD = Mot Detectad

Sourge: Modified fram DOE 1232b.

TABLE 1-2 Raffinate Sludge Metals Summary

Contamineni Miriraum Maximuim

Alurminum MO 28,700 uglg
Antimony HND &7 mofn
Arganic a iy 1,080 pakd
Earium ND T.740 uala
Boryllium WD 2B wglg
Cadmium NE 321 iy
Calsium ND BE, 100 npfi
Chromium NI 169 pglg
Cobalt HD 441 ugig
Coppar 4 ualg 11 wofp
Iran 20 mgla 22,300 ppig
Lead MO 644 ugig
Lithaurn MO 122 prafg
Magriesium HD 17,110 uplg
Manganesa HD 3,010 pafa
hsroury HD iE pplg
Malybdsrum MD 1,800 pglg
Micksl 11 pala B 780 mafy
Foiasmium KD 1,470 pufo
Salenlum ND 81 polg
SHvar ND S wafg
Sadivm HD 23 800 pgig
Thellium N B8 walg
Yansdium MO 28 ugfg
Tine B ugla 1,580 g
Zirconium ND 2,120 mofa

MO = Mot Datected

Source: Modified from DOE 19520,
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1.3.2.1 Ash Pond, Daring site operations, Ash Pond received fly ash sturry from the
power plant. Ash pond, which covers a 376,345-square-foot area, contains approximately 8,200
cubic yards of contaminated sediment and soil. The sediment is contaminated with uranium and
nitrate, and the underlying soil may also be contaminated with yranium as a result of contact
with the contaminated surface water and sediment. The primary contaminant of concern is
uranium-238, with concentrations ranging from 0.3 pCi/g to 14 pCi/g (DOE 1992b). Above
background concentrations of radium-226 are present and range from 3.8 to 6.5 pCi/g. The.
combination of uranium and radium contamination in parts of the Ash Pond area result in above-
mixture-rule concentrations as discussed in Section 5.2.2 of the site RI-Report (DOE 1%92b).

1.3.2,2 Frog Pond. Frog Pond previously received flow from storm and sanitary
sewers at the chemical plant. This 81,338-square-foot area contains an estimated 7,000 cubic
yards of contaminated soil and sediment. Uraninm-238 concentrations in the sediment range
from 0.3 pCi/g to 280 pCi/g (DOE 1992b). Soil in the berm and beneath the pond is expected
to contain elevated concentrations of uranium and chloride resulting from contact with and
leaching from the sediment and surface water,

1.3.2.3 Busch Lakes 34, 35, and 36. Lakes 34, 35, and 36, located in the Busch
-Wildlife Area, receive runoff and groundwater recharge from the Weldon Spring site. - These -
three lakes contain an estimated 20,000 cubic yards of uranium-contaminated sediment: 8,000
cubic yards in Lake 34, 5,000 cubic yards in Lake 35, and 7,000 cubic yards in Lake 36,
Analyses of samples collected from Lake 34 showed average uranium-238 concentrations irt the
sediment ranging from 3.0 pCi/g to 46.8 pCi/g. Average values in samples from Lakes 35 and
36 ranged from 1,0 pCi/g to 23.6 pCifg and 11.4 pCi/g to 30.3 pCi/g, respectively (DOE
1992b}:

1.3.2.4 North Dump. Radivactive scrap material and drums were previously stored at
the North Dump. The 82,506-square-foot North Dump area now contains approximately 7,600
cubic yards of contaminated sediment and soil. Uranium-238 concentrations at the North Dump
range from 0.3 pCifg to 1,380 pCi/g (DOE 1992b).

1.3.2.5 South Dump. The South Dump covers 182,290 square feet and contains
approximately 16,900 cubic yards of radioactively contaminated soils resulting from prior
disposal of contaminated equipment, yellow cake drums, personal protective equipment, and
other refuse. Uranium-238 concentrations in the South Dump soils range from 0.3 pCifg t0
2,105 pCi/g; thorium-230 concentrations range from 0.8 pCi/g to 123 pCi/g (DOE 1992b).
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1.3.2.6 Raffinate Pits. An estimated 153,500 cubi¢ yards of soil beneath the piis and
in the berms is expected fo contain elevated concentrations of the contaminants listed in Tables
i-1 and 1-2. This volume estimate includes 50,000 cubic yards of soil that wiil require
treatment. Contamination in this 1,123,848-square-foot area is the result of contact with and
leaching from the pit sludges and surface water. To more accuraiely identify the contaminant
types and concentrations in the raffinate pit bottom soils, additional characterization will be
performed after the surface water and sludge are removed.

1.3.2.7 Other On-Site Sorfaces. In addition to the specific source arcas identified
above, an additional 85,400 cubic yards of contaminated soil are present around and beneath the
chemical plant buildings and in open areas, including the former coal storage area. The area
around the chemical plant buildings encompasses 1,530,985 square feet. The areas adjacent to
the chemical plant were previously used to unload and store process material, to house electrical
equipment, and to contain soil contaminated with uranium, thorium, radium, sulfate, nitrate,
pesticides, polynuclear aromatic hydrocarbons (PAHSs), and polychlorinated biphenyls (PCBs).
Past spills and overland flow have contaminated the soils in the areas adjacent to the raffinate
pits with uranium, thorium, fluoride, sulfate, and niirate. An estimated 20,000 cubic yards of
the above total is comprised of contaminated seil surrounding underground piping.

1.3.2.8 Vicinity Properties;. Approximately 3,600 cubic yards of uranium-contaminated
soil are present on vicinity properties associated with the Weidon Spring chemical plant site.
Vicinity properties comprise certain areas which are near the raffinate pits and the chemical plant
and quarry sites, but which are outside current fenced houndaries, and contaminated properties
located along ditches, drainage ways, roads, and railroads. ‘These vicinity properties include
Army properties 1, 2, 3, 5, and 6 (3,100 yd?) and Busch properties 3, 4, 5, and 6 (500 y&°).
Uranium-238 concenirations in these soils range from less than 0.5 pCi/g to 29,530 pCifg
(DOE 1992b), '

1.3.3 Raffinate Pit Rubble
An estimated 500 cubic vards-of concrete, tanks, barrels, containers, pipe, wood, and

structural elements are present on the east bank of Raffinate Pit 4. Material is also present on
the north and west banks.
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1.3.4 Temporary Storage Area

- An estimated 150,400 cubic yards of contaminated material will be swored at the 544,500-
square-foot TSA. Included in this amount are 96,800 cubic yards of bulk waste excavated from
the Weldon Spring quarry. These quarry butk waste materials include:

Metal building and equipment debris {10,500 yd3).
Conerete building debris (30,200 yd?). o
Contaminated quarry soil and sediment (52,000 yd3).
Contaminated quarry sludge/sediments {4,100 yd3).

Chemical and radioactive contamination at the Weldon Spring quarry is the result of
disposal practices during past site operations. Uranium, thorium, radium, and radon are the
radicactive constituents of concern. Average radionuclide concentrations in the quarry soils are
108 pCi/g for radium-226, 380 pCi/g for thorium-230, 198 pCi/g for uranium-238, 96 pCi/g for
radium-228, and 26 pCi/g for thorium-232 (DOE 1989). Average radionuclide concentrations
in the quarry pond sediments are 905 pCifg for uranium-234, 107 pCi/g for uranium-235, 889
pCifg for uranium-238, and 316 pCifg for thorium-230 (DOE 1989). Known chemical
contaninants include nitroarematic compounds, PAHs, PCBs, and heavy metals,

In addition to the quarry matetials, approximately 50,000 cubic yards of raffinate pit soil
will be stored at the TSA for future transfer to the treatment plant. Planning optimization may
reduce this volume through direct delivery to the reatment facility. Approximately 3,600 cubic
yards of containerized residues generated during operation of the water treatment plants at the
chemical plant site {3,100 yd*) and the quarry {500 yd®) will also be stored at the TSA. These
. residuals may be contaminated with radionuclides, arsenic, manganese, fluoride, and
nitroaromatics ¢2,4-DNT). '

1.3.5 Material Staging Area
The MSA will be used to store approximately 77,078 cubic yards of radicactively
contaminated materials resulting from building demolition and site debris consolidation, These

materials will include:

» Nonfriable ACM removed from buildings prior io dismantlement (5,111 yd?).
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~# Debris and nibble from building dismantlement (71,967 -yd®) consisting of concrete
block and concrete rubble (18,223 yd®), metal (51,385 yd*), solid wood and wood
furniture (2,078 yd*), and miscelianeous other debris (281 yd?).

As an alternative, the concrete block and rubble ma},r be stored in an expanded Ash Pond
spoils pile.

1.3.6 Ash Pond Spoils Pile

The 4.1-acre (180,000 ft*) Ash Pond spoils pile will serve as a temporary storage and
staging area for contaminated soils removed during site preparation activities which cannot be
transported directly to an on-site disposal facility or to a staging area for off-site transport. The
5,800 cubic yards of material currently in place include:

s Contaminated soil removed during site preparation for the TSA (4,100 yd?),
Uranium-238 contamination in the soil ranges from less than 2.4 pCi/g to 2,259.3
pCi/g (DOE 1992h).

* Contaminated soil removed during site preparation for the site water- h‘eatmmt_plaﬁt
© (1,700 yd®). The soil from this 91,321-squase-foot area contains above-reference-level
concentrations of thorium-230 and uranium-238 to a depth of 6 inches.

1.3.7 Mulch File

The mulch pile is located in the northeast portion of the site and may be used for
composting cleared and grubbed material and other organic debris from the-chemical plant site
and the quarry. The 30,652 cubic yards of material include;

* Chipped vegetation from the quarry (5,300 yd’).

* Chipped railroad ties (1,200 yd®) from inifial quarry cleanup activities.

Chipped debris from clearing and grubbing at the raffinate pits (5,900 yd?).
Chipped debris from clearing-and grubbing at the chemical plant area (17,500 yd3).
Paper debris removed.duriog building dismantlement activities (2 yd®). '
Chipped railroad ties from the chemical plant aréa (750 yd?).

. B

It is anticipated that final disposition of these materials will be direct placement in the disposal
facility or transport 10 a staging area for off-site disposal.
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1.3.8 ACM Storage Area

An estimated 1,483 cubic yards of friable ACM has been double bagged and is being
temporarily stored on site in Building 103. Approximately 20 pieces of equipment containing
small quantities of asbestos are also stored in Building 103, All friable asbestos will be
containerized and stored within an area proposed to the norih of Buildings 403 and 404. This
ACM storage area is depicted in Figure 1-2. This area will be used for another 3,233 cubic
vards of friable ACM located throughout the site buildings which will be-removed, bagged, and
stored along with the ACM relocated from Building 103.

1.3.9 Building 434

Building 434 is being used as a RCRA/TSCA storage facility in support of various
interim response actions. The facility includes a central storage building and several annex
units. The 5,139 cubic yards of waste materiais which are or will be stored in this facility
mnclude:

© s Approximately three hindred 55-gallon drums of waste including paints, solvents, and
oils {111 yd*).

« Approximately one hundred 55-gallon drums (28 yd®) of containerized chemicals
including nitric and sulfuric acid, sodium hydroxide, flammable and reactive solids,
and oxidizers which will be deactivated on site prior to disposal.

» Used personal protective.equipment (3,000 yd?, uncompacted, over a 10-year period). -

e Approximately 1,400 drums (330 yd®) of radioactively contaminated materials
(primarily soils) that are not regulated but are above site release levels. It is
anticipated that these materials will be treated in an on-site facility.

The used personal protective equipment (PPE) is being compacted ané drummed as it is

-placed in storage. As the PPE is radioactively contaminated only, it could also be stored at the
MSA. However, the material is being stored in the Building 434 facility due to greater control
over storage conditions. All materials that are flammable are being stored in an annex unit
rather than the main Building 434 structure. '
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Although not currently-in' Building-434, 7,400 gallons of tributy] phosphate stored in on-
site tanks may be moved to this facility as an alternative storage straiegy. A catchment has been
constructed around the tanks and-they are' monitored on a routine basis,

1.3,10 Building Foundations and Underground Piping and Sewers

Building foundations and underground piping beneath the chemical plant area are
chemically and radioactively contaminated. The quantity of material is estimated 1o be 40,591
cubic yards of concrete foundation and-1,309 cubic yards (64,240 lineal feet) of 12-inch-diameter
(average) concrete and clay piping. This material will be: stored in the MSA, or alternatively,
the concrete may be stored in an expanded Ash Pond spoils pile.

1.3.11 Roads and Embankments

If a removal, on-site treatment, and disposal alternative is implemented, as much as
76,930 cubic yards of road materials and aggregates may be used to stabilize working surfaces

" in the raffinate pits and to construct retention dikes. These materials may become contaminated

during operations; if so, they will be reclaimed and plaoed within an on- or off-site disposal-cell.
These materials include:

» 15,400 yd?® of aggregate bottom stabilization in the raffinate pits.
* 10,800 yd3 of raffinate roads.

* 1,830 yd? of retention pond material.

¢ 1,800 yd* of access road from vicinity properiies Army 5 and 6.
» 4,000 yd® of aggregate bottom stabilization in Ash Pond.

» 800 yd® of aggregate bottom stabilization in Frog Pond.

» 25,900 yd* of water control dikes and sediments.

» 16,400 yd* of chemical plant roads and work areas.

1,3.12 Facilities Closure

Facilities closure will involve the removal and size reduction of an estimated 38,300
cubic yards of building materials, if a removal and on-site waste treatment remedial action
alternative is implemented. The following volumes are included:

e 22,000 vd* TSA foundation,
* 400 yd? site water treatment plant.
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1,3.13

« 14,500 yd® MSA foundations.
¢ 900 yd* waste treatment facility.
¢ 500 yd? volume reduction facility,

performed during remediation design.

TABLE 1-3 Waste Material Quantities

Waste Materials and Quantitics Summary

The estimated in-place quantities of the waste materials are summarized in Table 1-3.
It should be noted that these. quantities wiil likely change as moze definitive characterization is

MatarialfSource Quantity Tornngs
Raffinate Sludga 220,000 vyd* 222,200
Soila and Sadiment
=+ Agh Porwd 8,200 yg* 12,460
= Frog Pond 7,000 yd® 10,840
+ Lakes 34 35, 36 20,000 yd® 30, 400
+ Morth Dump 7,800 yd* 11,550
* South Dump 16,600 pd* 26,800
+ Raffinete Pita 153,500 d* 233,220
* Qther On-Sita Swfacas BE 400 wd? 120,810
* Viginity Propertias 3,600 yd* 5,470
Raffinata Pit Rubble GO wed? 3,310
TSA 100 400 wd® 220,040
MEA THOTE wi" 61,685
Aah Pond Spoile Fila 5800 yd® &.810
Mulch Pile 30,652 wi* 13,151
ALM Storaga Aras 4,718 yd? 2,82%
Buildlivg 434 5480 yd® 1,538
Bullding Foundations and Underground Savwss 41,900 yd* 83,951
Subtotal 188,115 yd* 1,082,928
Roads and Embankment Removal 76,230 yd* 118,980
Farilities Cloaure 28,300 yd* 78 210
Subtotal 115,230 wd* 195,140
TOTAL WASTE YOLUME 903,545 yd* 1,278,068

Source: MKF and JEG 159D,
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2 DESCRIPTION OF TREATMENT TECHNOLOGIES

' This section provides additiona} detail regardmg the’ chemlcal snlldjﬂcauonfstahﬂlzaunn
and vitrification treatment technologies described in the Engineering Analysis of Remedial Action
Alrernatives, Phase I (MKF and JEG 1992a). These technologies represent the primary
treatment ‘options considered for detailed analysis in the feasibility study (FS) (DOE 1992a)
prepared by Argonne National Laboratory for the Weldon Spring. chemical plant area |

2.1 Chémicu_l S:ilidif‘matiunfStahilimtion

Chemical stabilization of refnoved material involves mixing reagents with contaminated
material to solidify the media and immobilize the contaminants. Although contaminants are
immobilized, they are noi destroyed, Common stabilization reagents include Portland cement,
~ flyash, lime, bentonite, vermiculite, gypsum, carbosi, zeolites, cellulosic sorbents, and soluble
sodium or potassium silicates (Rich and Cherry 1987). The cement-based CSS process option
using Porfland cement and fly ash is evaluated and identified in the FS (DOE. 1992a) as-the
optimal chemical stabilization technology for remediatipn of the Weldon Spring site.

Cement-based solidification, the mixing of wastes directly with Portland nement, is a well
established remedial technology (Rmh and Cherry 1987). Most solidiftcation is aocumpllshed
using Type I Portland cement, but Types [T and V can be used for stabilizing sulfate- or sulfite-
containing materials. Due to the sulfate content, Type 11 is recommended for solidification of

- the Welden Spring raffinate _sl_udgés. Commonly, siliceous compounds, including fly ash, blast -
furnace slag, soluble sodium or potassium silicates, and proprietary agents are used in
conjunction with Portiand cement. A major limitation with silicate-only {i.e., not combined with
cement-based) processes is that a large amount of non-chemically bound water remains in the |
solidified product. To prevent the escape of this water, & silicate-only solidified product would
likely require some kind of secondary containment (Rich and Cherry 1987). Therefore, the use

" of a cement-silicate mixture is recommended.

Portland cement can absorb significant quantities of water during hydration teactions.
" The addition of Portland cement can chemically incorporate otherwise drainable water- into
hydrated phases. A mixture of silicates and ¢ement can stabilize a-wide range of materials
including metals, waste oil, and solvents, often better than either agent alone. For example, it
is known that cement alore (i.e., not in combination with silicates). is not. effective in
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immobilizing organics; therefore, cement alone: would ‘tikely not effectively immobilize. the |
nitroaromatic-contaminated quarry sails {Rmh and Chmy 1987). :

QOak Ridge Namnal Laboratory apeclal:sts assessed the apphcahlhty of cement-based
solidification/stabilization technology as part of a remedial action option for the raffinate pits .
(Gilliam and Francis 1989). The results of the study suggested that a blend consisting of 40
wmghtpercmtTypeIIPorﬂandcemmtand 60 weight percent ASTM Class F ﬂyashb:
combined with the raffinate shudge at a mix ratio of 0.6.g/g (grams of dry-solids blend per- gram
of mffinate). The solidified mass met the performance criteria of no drainable water within 28
days, an unconfined compressive strength above 50 psi, and resistance to thermal cychng “The -
grout blend ratios can be adjusted to accommodate expected variations in the waste composition
or more stringent future performance criteria by implementing minor processing operational
changes which are well within the capability of standard commercially available technology
(Gilliam and Francis 1989). However, a wide range of seiting rates, duration of drainable
- water, unconfined compressive strengths with variations in reagent blend additions, and water
content were observed in the raffinate sludge samples (Gilliam and Francis 1989). These'
observations suggest that stringent quahty control pmcadures be 1mp1£:mmted to, ensure that a
stahle: product is produced. : '

Mixing can be accumphshed using commercial cement mixing equlpment such as nbhon_
blenders, and single- or double-shaft mixers (Rich and Cherry 1987). Equipment requirements
include chemical storage hoppers, weight- or volume-based ¢hemical feed equipment, mixing

“equipment, and waste handling equipment. ' :

- A range of contaminant release raes from cement-stabilized masses have been repoited.
Bishop . (1989) suggests that the rate of contaminant leaching should be very slow, aflowing '
contaminants to disperse over Jong periods of time. Rich and Cherry (1987) indicate that the -
end product of cement solidification will not be acceptable for disposal without secondary

containment regardiess of whether the wastes are organic or inorganic in nature. These: authors
also note the uncertainty regarding the long-term stability of the solidified concrete mass. The
placement of any bulk or non-containerized liquid wastes or wastes containing free liquids was
banned effective May 8, 1985, 40 CFR 264.314(b). Free liquids are defined as liquids which
readily separate from the solid portion of a waste ynder ambient temperature and pressure [40.
CFR 260.10]. In accordance with 40 CER 264.314(c), the absence or presence of free liquids
must be determined by using Method 9095, Paint Filter Liquids Tést, as described in Test
Methods for Evaluating Solid Wastes, Physical/Chemical Methods (EPA Publication No. SW-
-846). - S . :
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22 Virification

Tachnolugy screening studies performed in support of the FS are pmsmted in the

Engineering Analysis of Remedial Action Alternatives, Phase I (MKF and JEG 1992a). These =

studies indicated that fossil fuel-heated ceramic melters, joule-heated ceramic melters,: and
plasma arc torch units were all potenually viable vitrification processes. Slagging incinerators
. and hlgh temperature joule-heated ceramic melters were eliminated from consideration hecause
of reffaciory corrosion and an inability . tolerate metal immiscibility, Fossil fuel-heated
ceramic melters (FFHCM) have a significantly lower operating cost and are more tolerant of
" changes in melt viscosity, conductivity, and metal phase immiscibility,. The FFHCM process
option is evaluated and identified in the FS (DOE 19’99&} as the optimal vitrification technology . -
for remediation of the Weldon Spnng site. :

The vitrified product is a leach-resistant material which undergoes a significant volume
‘reduction. Volume reduction is typicaily 20% to 40%. The recuced volume is the result of the -
" loss of intergranular pore space, water; and volatile and semi-volatile organic compounds -
-existing in the original material. The degree of volume reduction is dependent on the amount

of feed additives necessary for the particular process. Joule-heated ceramic melters generally -

require additives to modify the electrical conductivity and viscosity of the melt. Incinerators, .

fossil fuel-heated ceramic melters, and plasma arc torch processes -generally do not require
additives and, cnnsaquenﬂy, t:,r;ncally achieve higher volume reductions than jnlﬂ&heated
ceramic melters.

Viirification pmce-.ssmg methods reqmrc sufficient glass-fﬂrmmg materials such as silicon

and alumirium oxides to form a leach-resistant product. This requirement can be satisfied by - -

adding ﬂuxmg materials to the feed material. Exposure to high temperature causes contaminant
materials to break down or to react with and be chemically incorporated into the vitrified -
product. Near optimum melt conditions can be achieved in the vitrification process by must
naturally occurring soils, sediments, and tailings, and by many pmcess sludges.

 The chemical composition of the material i be vitrified determines the melf
characteristics and the Jeachability of the finai product. Increasing the silica content of the feed
increases the viscosity of the melt, Increased silica also reduces the sotubility of waste materials
in_the melt, but greatly increases the durability of the final glass product. Addition of boric
oxide (B,0;) increases the solubility of waste in the melt and reiluces the viscosity of the melt.
The boric acid also retards devitrification in the final glass product but reduces the overall

m:‘v.uinrs‘hjnaﬁn&\gun:ulas'l.na‘..2-ravisa,piIL‘I & - . 2-3




dul‘abﬂllj' of the prnduct Inmaws in caleium oxldc (Ca0} content increses the leachahﬂny
of the final glass pmdu{:t (Plodmec 1936 Marples 1988). :

Meit tcmperatures vary with- thé thermal methad and the fuel or heat source chosen for-
vitrification. Temperatures obtained for the solid materials treated range from approximately
- RO0°C for rotary kiln incineration to 3000°C for the plasma arc torch melting process. At these
" temperatures, organic compounds are destroyed. Depending on the composition of the waste
‘material and additives, some volatilization of constituents of the waste may occur.- The lower -

temperature. methods typically have secondary combustion chambers to ensure complete

destruction of the organic compounds present in the waste treated. An off-gas collection system

is needed for NOy, SOy, and other potentially volatilized components such as arsenic,
cadmium, cesium, fluorine, mercury, and radon. Conventional off-gas collection methods
~ include electrostatic precipitation, pH neutralized wet scrubber, HEPA filtration, and carbon
. adsorption,  Certain off—gas reatrsent waste may be recycled to ‘subsequent vitrifi cation
~ processes.  However, alternative disposal methods for some uff-gas treatment waste wﬂl also
be required. : :

2.2.1 Fossil Fuel-Heated Ceramic Melfing Process

The fossil fuel-heated ceramic melting (FFHCM) process, as applied to hazarduuswaste
treatment, is a stabilization/destruction process which vitrifies waste materials through the use
of fossil fuel energy. The process is illustrated in Figure 2-1.

. The FFHCM process is an adaplation of commercial glass-making technology.
Contaminated soil or sludge is fed into an eaclosed melter and melted by heating with a fossil -
fuel-generated flame, The addition of an oxidant gas to the fossil fuel is required to generate -
a flame. This gas is usually air, but may be supplemented by oxygen to increase the
temperature of the flame. Temperatures of up to 1900°C can be obtained in the meli (Vartec
1 1990). At such temperatures, organic compounds are easily destroyed. Optimum process
conditions occur when the melting temperature is between 1,070°C and 1,250°C, the mixture
has a viscosity of 100 poise (Marples 1988), and the electrical conductivity is between 0.18 and
0.5 chm-cm™! (Koegler et al. 1989). ~Unlike JHCM processing, melt conductivity is not
impmtani. : '

~ Air emissions could” result from the volatilization of waste constituents and the
combustion of the fossil fuels. Combustion of fossil fuels might cause a higher level of NO,
" and SOy in the flue gas than could be normally attributed to the waste. Emissions from the
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FIGURE 2-1 PROCESS FLOWSHEET FOR FOSSIL FUEL-FIRED CERAMIC MELTING |
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melter could be reduced through the use of plasma are torch boosting or joule heating electrode -
boosting. .The Jatter is the most common method of emissions reduction for fossil fuel-heated
_melters in the glass industry. A mnvenuonal off-gas collection system may also be used

Vortec Inc., an FFHCM vendor, employs patented and patent-pending processes. which
are refinements of the fuel-fired glass-making processes. Vortec claims that their ftunacas can
easily achieve the temperatures reqmmd to melt Weldon Spring materials. S

Dne of Yortec's rcfinements on fuel-fired melters is a more efficient heat exchanget for
the recovery of heat energy from the ofi-gas stream. This development sigaificantly reduces the
fuel consumption per fon of glass produced. The melter is completely enclosed, unlike
conventional glass-making furnaces. Feed requirements for the fossil fuel-heated ceramic melter
vary., Waste glass, as an additive, may be used instead of the more expensive, high-purity
additives typically used for glass making; The addition of waste pglass bufiers the changes in
chemical composition of the feed material. Feed to the melter can be provided by pneumatic =
transport (dry), screw fed, or slurry fed systems. Another difference in Vortec’s advanced =

' vitrification process is that this process employs a proprietary cyclone melting system. Waste -

material is injected into a counter-rotating vortex combuster ‘where incineration and mekting
occur. This system allows for a higher retention of vninatlle inorganics and lower pamcuiaha '
emissions. .

_ - Vortec is currenily operating a 20 tnn-per—day piant for the treatment of hazardous |
wastes. The plant can be used as a small-scale producuun famhty or as a p:lut plant, and the. -
construction of larger- capacl_ty plants is possible. -

2,22 Mtematiﬁ Vitﬁﬁcatiﬁn Processes

As stated previously, fmsﬂ foel-heated ceramic melters, joule-heated ceramic melers,
and plasma arc torch units have all been found to-be potentially viable vitrification processes.
Joule-heated ceramic melting’ (FHCM) was the subject of a special study conducted for the
Weldon Spring site by Battelle Pacific Northwest Laboratory (Koegler €1 al. 1989). The study -
results showed that the THCM process is capable of producing a leach-resistant pm-duct with
desirable structural properties. The plasma arc torch. process uses electrical energy and produces
a leach-resistant material with a significantly reduced volume. More detailed descriptions of
poth these vitrification processes are presented in Section 3 of the Phase I EAA {MKF and JEG
1992a). . '
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3 DEVELOPMENT OF ALTERNATIVES -

" The following section presents the raudn:de used te develop the operational assumpnons_
for individual components within an alternative and a brief sumrhary of the alternatives evaluated ;
in the feas:thmty study (FS) for the Weldon Spring. chemicat plant area

3.1 Beve]upment of Altemativds

. The results of previous !Echndldgy evaluation studies were used to develop parameters
and identify components of the alternatives addressed in the FS analysis of remedial action
altematives. Tt should be noted that operational details are presented to show that the respective -
alternatives are logical and can be implemented. “The preliminary design concepts, ¢osts, and
schedules presented in the following discussions will be reevatuated during conceptual and final
design. Both design phases will optimize the implementation of remedial action alternatives and
reasonable modifications should be expected. Certain aspects of the various almmatwe
components are relatively siraightforward and may not require special studies ‘or design
considerations. Those argas that are miore complex and will likely warrant special ddnmdcmndn '
Are addressed below by ddmponent category.

It shduld be noted that referenud to a pa:tmu!a: manufactured brand of eqmprment does -
not constitute an endorsement of that manufacturer or convey an intent to rely specifically on
‘this equipment for any work described in this document. Rather, these references are uvsed
solely for the purpose of describing equipment class, size, horsepdwer and capabﬂlty for cost
eshmatmg and schedule develdpment

31.1. Remuvni

The majority of the dhemmal plant site source afeas can be remediated using conventional
construction equipment; the only exception is the raffinate pit sludge. A separate study, the
Raffinate Sludge Dredging and Dewatcring Study (MKES 1992a), concluded that dredging. the
studges represents the optimal removal scenario based primarily on requirements for reducing
‘emissions of dust particutates contaminated with thorium-230 and ease of materials handling. .
Dredging will inherently allow sludge removal to occur under several feet of water which will -
also reduce radon emissions. ' ' ' L

To accurately estimate equipment and labor reguirements for material removal and B
transportation requires a detailed and Jengthy evaluation of the physical nature of the material .
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to be removed. Appropriaie equipmeént types and sizes are selected based on design critetia such
as the material’s physical characteristics, volume to be moved, degree of selectivity desired,
required delivery rates, haul distances, weather considerations, road limitations, and operating
scheduies. Manpower and equipment operating reqmrements such as the time to load,
 transport, unload, and retum to the loading site, were estimated using haul cyclé evaluation
"methexds. Engineering calculations developed by the project served as the basis for these
evaluation methods and the discussion in Section 4.2.2, thereby maximizing the use of exlsung
- information and minimizing any pﬂt&l’ttlal dupl:canon of effort. '

3.1.2 Physical Treatment

Approximately 165,600 cubic yards of the neaﬂy one million cubic yards of waste
materials consist of rubble angd debris from the quarry and from chemical plant building -
dismantlement and waste areas. This material includes rock and concrete, metal, equipment,
wood, and other typical construction debris. These types of wastes are not candidates for. the
' primary treatment technologies under consideration, chemical solidification/stabilization and
vitrification, since these materials are less likely to absorb contaminants. Physical treatment may
be required, however, either to facilitate handling of these materials or to reduce them to an
acceptable form for placement and disposal within an engineered cell. A number of studies have
* - been performed to facilitate the optimization of pmoessmg thesé materials, The folluwmg hst

represents the more significant of these studies: :

*  Sizing of Bui]ding Materials and Structures {MKES 19924).
s Metal Melting Technology JEG 1992a),

. Decontamination Study (JEG 1992b).

.. Size Reduction (JEG 1992:)

The largest perceniage of these materials is made up of metal wastes. Mamgcmcnt of
metal waste will depend on plate thickness, size and dimensions, type of metal, and surface
accessibility. These properties will determine the distribution of the metal wastes into one of
the four following categorties.

(1)  The first category is made up of those materials such as structural members, I-

beams, and tails where ail surfaces are accessible making it feasible to employ
practical decontamination methods such as hydrolasing. '

mzuserFjoanneigonzalrsioaat3-reviea. jull i g 32



(2)  The second category consists of loose, miscellaneous metals which are amenable
: to shredding. Shredded materials could easity be handled, placed with soils, and -
* incorporated into the fill within an engineered cell. .

(3) The third category represents those materials where shredding . and
decontamination is not practical but the material is-amenable to size reduction.
Mechinical size rednc:tinn i.e., hydraulic shears, cutting torches, etc., would be
performed to the extent necessary to place these wastes within a lift (typlcally 12
inches) in the engineered cell. :

(4  The fourth category is cnmpw;ed of those materials whﬂsé sizes, dimensions, .
and/or metal types, render them outside the capabilities of the other three
categories, These include large pieces of eqmpment or machmer}.r that would be :
placed in a cell intact. Theprefenedscmanmsmewherethmiargcpamm .
placed intact and incorporated into the cell by utilizing a pourable grout- 1o Ell .
voids in and around the mctwldual vessels, pleces of equipment, etc. '

" The, disposal of ather non-metal cate.gnnes nf debris is more: stra.lghtforward Rﬂck and
" concrete, after being size reduced during removal, may be pulverized or shredded {rebar)-to
facilitate handling and placement. Wood and vegetation from cleanng and grubbmg am:mues
will be chlpped and hauled to the mulch pile.

Although interim storage of clear and grub. and wmd prﬂducts is addmsad in ea:ch

altemative as 2 mulch pile located in' the northern section of the site, composting of these ™ .

materials is being considered.. If composting is pursued as a storage option, wood volumes
placed in the disposal cell would decrease as a result of. dﬂmmpnmhon of the organic matexials.’

The pmelmunary design cnncepts presented in- this engineering evaluation nmlude _
utilization of a volume reduction facitity (VRF) to house primary physical treatment equipment.
If subsequent optimization studies determine that a VRF is not mquu&d sizing activities ma},r
be performed at certain smrage areas. :

3.1.3 Chemical Selidification/Stabilization
- As discussed in Section 2.1, previous stdies performed by Oak Ridge National
. Laboratory (ORNL) form the basis for the chemical solidification/stabilization (CSS5) component.
Actial raffinate sludge samples were tested, the results of which. demonstrated the general -
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. feasibility of this technology {Gllham and Francis 1989). Further studies, hnwever,
currently underway to quantify the leachability of treated wastes and to optimize the fm'mula for
the amount of cement, ﬂy ash, -and any other additives which may be required.

These studies also include testing to evaluate pmduct forms inchuding a suﬂ-hke soﬂ!'

Gement mixture and a pourable monalithic grout. The soil-like material would be placed in the

cell and compacted in lifts similar to the placement of soils. “The pourable grout would be used .
to fill voids in and around large pieces of equipment and would be placed using forms or grout
berms within the cell to completely encapsulate these types of materials. Othier studies, such-as -
the Stabilization Fatal Flaw Anglysis (MKES 1992h),. also suppnrt the apphcabﬂlty of CSS
-tﬁclmulogy for Weldon Spring wastes,

~ 3,1.4 Vitrification

Studies have also been performed using raffinate siudge samples to demonstrate the
technical feasibility of vitrification technology (Section 2.2). These studies, performed by
Battelle Pacific Northwest Laboratory (PNL), support the applicability of vitrification
technologies to the Weldon Spring site wastes (Koegler et al. 1989). Other studies, such as the
Vitrification Fatal Flaw Analysis (MKES 1992¢), also suppost this conclusion. For optimization
. purposes, additional testing will be performed to define parameters such as’ operating

temperature, fuel usage, retention time, etc. S

" For purposes of these studies, the fuel source for the vitrification melter is assumed to
be natural gas, A pfeferﬁnce for natural gas over other fuel sources such as fuel oil, coal; and
elecmaty is based on factors such as availability, cost, and emissions. Compared to other fossil .
fuels, natural gas is atso more attractive because of the capability for delivery via pjpehne as..

_oppused to over-the-road transpun

The preferred form of the vitrified product is fritted as opposed to mmmht]uc Thls.
" produict form is produced by immediately quenching the molten vitrified glass in water which |
results in a product ranging in diameter from Ve to % inch, The fritted product will facilitate

material handling and eliminate the time required for a monolith to cool prier to placement
within the celi. The fritted product, however, is probably not oumpaﬂtahie and-clean fines will
need to be added to achieve compaction. In addition, this altemative does not afford the
flexibility of a pourable grout to encapsulate large pieces of equipment. It may be desirable to
add a portable pug mill to the vitrification altemative to generate a pourable grout, as necessary,
to mcapsulatﬂ these pieces of equipment 'mthm the cell. ' : :
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3.1.8 Dn—SItJe Land Disposal

The on-site dlsposal options consider whether the treated wastes are the product of
vitrification or CSS technology. Under the CSS alternative, it is proposed to combine the treated -
and untreated wastes into a single engineered cell designed to meet the performance mqmmmts '
for radiological wastes under the Uranium Mill Tailings Radiation Controt Act (UMTRCA) and
hazardous wastes under the Resousce Conservation and Recovery Act (RCRA} The cell may .
be above ground and equipped with a double liner/leachate collection and removal system
(LCRS) and a typical UMTRA-type cover. Cell construction alternatives also include below :
ground excavation and clean fill perimeter dikes. L

For the vitrification aliernative, the waste may be segregated with the treated and
. untreated wastes placed in twao separate cells. The cell for containment of the vitrified material
would be below grade with a liner consisting of in-place soils (compacted clay). Synthetic liners -
" and leachate collection/removal systems - are not warranted given the expected superior
performance of the vitrified product concerning leachability, durability, and the destruction of.

" organic contaminants. The ceil would be capped with a typical UMTRA-type cover. The -

untreated waste would be contained in an adjacent above-ground cell- with a design very similar -
to the. CSS alternative. The only exception is that a single liner with a jeachate collection systém
will be used as opposed to the double-lined/LCRS used for the CSS alternative. The rationale
. {or the single liner system relates to the fact that no ‘hazardous waste would be placed i in this
cell. As an alternative, the vitrified and untreated wastes may be combined and placed within
a single cell incorporating the design featires of the untreated waste cell. This cetl configuration
may also include below ground excavation and clean fill pcrimeter_ dikes.

3.1.6 Transport to Off-Site Land Disposal Facility

Development of the transportation component of the off-site alternatives relidd_on-
information generated in the Of-Site Transport and Disposel Options Study (MKF and JEG
1992b). This study evaluated several alternatives including truck, rail, and barge transport of
both bulk and containerized waste shipments. The results of this study show that rail transport
is less expensive than both barge and truck transport to the potential off-site disposal locations.
Rail transport alsuhasadvantageswer tru{:kh'anspﬂnlnﬁleareasﬂftmfﬁcsafetyand_
occarrence of accidents. For rail fransport,. containerized sh1pmmts are preferred to bulk

transport due to ease of handlmg during transfers and due to the gmter safety and integrity of
 the shipment in the event of an accldmt
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Rail transpun for the off-site disposal almauve would require: mnsu'ucnnn of a rail
- siding faclhhj in the vicinity of the site. An area near Wentzville, Missour, nppmnmately 15
miles from the Weldon Spring site was identified as a-represeniative location for the proposed
rail siding. A Wentzville siding location was used as a basis for calculating costs and
environmenial impacts based on a reasonable haul dtstance from the Weldon Spring site to an
area suitable for such a facility. '

3.1,7 Off-Site Land Disposal

For the afternatives stipulating off-site land disposal, physical treatment operations similar
to those described for on-site disposal would: be required to produce wasie materials that are
suitable for placement within an engineered cell. In addition, velumetric considerations
associated with the primary treaztment technologies take oh increased importance, since
transportation and disposal costs are based on total waste volume. Therefore, vitrification is
preferred over CSS technology for off-site disposal alternatives since vitrification mults ina
significant volume reduction (68 %), whercas C53 results in a significant volume increase (32%).
~ Assuming vitrification is selected as the treatment technology to be employed for the off-site
alternatives, treatment shouid be performed on-site to take advantage of the reduced velume

* requiring off-site transportahun
3.2  Summary of A!tematives

The following discussion addresses the alternatives remaining under mnslderauuﬂ fnr
re.medlal action at the Weldon Spring site as a result of the FS screening process. The _
alternatives under consideration inciude no further action (1), chemical stabilization and on-site -
disposal (6A), vitrification and on-site disposal (7A), vitrification and off-site disposal at Clive, '
Utah (7B), and vitrification and off-site disposal at Richland, ‘Washington (7C).

The primary COMpONENts uf each of the five remed:al acnon alternatives under
consideration are summarized below. The number assigned to each alternative is consisient with
the numbering of alternatives in the site feasibility study pmpared by Argonne Nauonal
'Laboratory {DOE 1992:1)

3.2.1 Alternative 1 -_N_o .Fn_u-ther Action

e Quarry bulk wastes stored at the TSA.
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3.2.2

Quarry vegetation and chemicaj plant wood stored in mulch pile.

Chemical plant building debris and rubble stored at the MSA. (Alternatively,
congrete block and concrete may be stored in an expanded Ash Pond spoiis pile.)

Site and quarry water uutmﬁt p_lan& operational.

Contaminated spil, raffinate, and sadim.ent rc:ﬁains in place.

Contaminated soii from aﬁmuuctinn activities stored in the Ash Pond spoils pile.
Surface water, groundwater, and air monitoring required.

Containerized chemicals and materials stored in Building 434.

Alternative 6A - Removal, Chemical Stabilization, and On-site Disposal

Contaminated soils and sediments and site preparation materials excavated and
hauled to temporary storage.

Building foundations and underground piping and sewers excavated and hauled
to the MSA. (Alternatively, concrete may be stored in an expanded Ash Pond

spoils pile.)

Single, double-lined disposal cell constructed (combination cell).

Containerized process chemicals transported to Oak Ridge for incineration. {Oak .
Ridge is currently only accepting liquid mixed wastes; an alternative would be on-
site neutralization or stabilization for other materials stored in Building 434.)

Raffinate sludge dredged and pumped to CSS plant feed hopper.

Raffinate pit clay bottom excavated and hauled to the TSA, to the CSS feed
hopper, or directly to the cell.

Raffinate pit rubhle excavated and hauled to the volume reduction facility and

" disposal cell. (Recent engineering stodies have recornmended the elimination of
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the volume reduction facility. Some further size reduction may be reugired in the
storage area prior to transfer to the disposal cell.)

e Raffinate sludge and solid material metered to pug mill and blended with cement .
and fly ash. '

. Raffinate pit clay bottom material and: guarry soils transferred from TSA to CSS
facility. '

e Soil-clay mixture blended with fly ash and cement in pug mill,
o CSS product hauled to and placed in on-site double-lined disposal ceil.

. Contaminated soils and sediments excavated and/or retrieved from temporary
storage and hauled to disposal cetl for emplacement. o

. Building rubble and debris retrieved {rom storage and transported to the volume -
reduction facility or to the disposal cell.

. Building rubble and debris sized reduced and hauled to disposal celi for
emplacement. (Recent engineering studies have recommended the elimination of
the volume reduction facility. Some further size reduction may be required in the |
storage area prior to transfer to the disposal cell.) B

. Material tranépﬂned to the disposal celt and spread, incorporated, and compacted
in the cell, ' .

. Temporary storage areas, haul road surfaces, volume reduction facility.and water E
control structures, removed and contaminated material transported to the cell.

. Site water treatment plant and CSS facility dismantled and contaminated material
hauled to disposal cell for emplacement.

» Disposal cell closure,

o Site regraded and revegetated.
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. Long-term monitoring and maintmance-iinplmnmted. o
3.1.3 "Alternative TA - Runwal,' Viti‘iﬁr;&tiﬁﬂ, and On-site Disposal '

. Contamiriated soils and sediments and site preparatmn maferials cxcavawd aru:l
hauled to temporary stnrage.

. Building foundations and underground biping and sewers excavated and hauled
' to the MSA, .(Alternatively, concrete block and concrete rubble may be stored .
in an expanded hsh Pond. spoils pile.)

. Two-celf disposal facility constructed; one single-lined celt and one unlined-cell
(compacted clay bottom).  (Alternatively, hoth treated and untreated waste ma;-,r
be placed 'mthm the same cell.) :

* Containerized process chr;:mmals transported to Oak Ridge for incineration. (Oak "~ °
Ridge is currently only accepting liquid mixed wastes; an alternative would be _
vitrification for other mat:mals stored in Building 434.) :

. Raffinate sludge dredged, dewatered, and transported to treatment facﬂny

. Raffinate pit rubble excavated and hauled to volume ‘reduction facility and
disposal cell. (Recent engineering studies have recommended that the volume
reduction facilify be eliminated, Some further size. reduction may be requlred in . -
the storage area prior to transfer 1o the disposal cell.).

¢ Raffinate pit clay bottom hauled to TSA, to the vitrification plant feed lwpper of -
directly to the cell. :

. Raffinate pit clay botiom material and quarry soﬂs transfarred from the TSA to
vitrification treatment facility. :

. _'Rafﬁnate sludge mixed with clay bottam materizl or quarry -soils at tmatmmt
facitity, conveyed to melter, and vitrified.

* . Clay soils mnveyec_i to ‘melter and vitriﬁed. '
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Vitrified matenal hauled tnand placed in on-site unlmnd {compacted c.lay bottom)
disposal cell. " (Altematively, the vitrified waste may be mmbmed wuh the
untreated waste in a single-lined f.:ell )

Contaminated soils and sediments excavated or retrieved from smmge and hauled .

- to a single-lined dmposal cell for emplacement.

Building ruhhle and debris retrieved from storage and transported to the volume:
reduction facmty or to the disposal cell. : '

Building rubble and debris sized reduwi_ and hauled to single-lined disposal cell
for emplacement.. (Recent engineering studies have recommended the-climination
of the volume reduction facility. Some further size reduction may be mqmred in
the storage ares prior to transfer to the dlsposal ecell.} '

Materidi is u'ansported to the cell and spread, inmrporated. and mrﬁpacted in the

cell. : - )
Temporary stomge areas, haul road surfaces, volume reduction facmty and water
control structures removed and transpurted alung with untreated mawmls, 10 the :
single-fined cell..

Site water treatment plant and vitriﬁcatiﬂﬂ f&éﬂi{y dismantled and contaminated
material havled to disposal cefl for emplacement.

Disposal cell closure.
Site regraded -and revegetated.

Long-term monitoring and maintenance.

324 AMernative 75 - Removal, Vitrification and Off-site Disposal at Clive, Utah

Contarninated soils and sediments and site preparation matenals excavated and
hauled to staging areas. :
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«  Building foundations and undérground piping and sewers excavated and hauled -
to MSA. (Alternatively, concrete block and concrete rubble may be stored in an
expanded Ash Pond spoils pile.) ' '

e Building debris and rubble hauled from the MSA to volume reduction facility and
size reduced. (Recent engineering studies have recommended the elimination of
the volume reduction facility. Some further size reduction may be required at the
storage area priot to off-site transport.) '

» Containerized process chemicals transported to Oak Ridge for incineration. (Oak
Ridge is currently accepting only Jiquid mixed waste; an alternative would be
vitrification for other materials stored in Building 434.) '

» Raffinate sludge dredged, dewatered, and transpﬁrtad to treatment fa;ci]il}f.. :

*  Raffinate pit Tubble excavated and hauled to volume reduction facility and/or )

. Raffinate pit clay bottom excavated and staged at TSA or hauled. to . the
vitrification plant feed hopper or to the staging area.

e Raffinate pit clay bottom and quarry soiis transferred from TSA to treatment
facility. :

. Raffinate sludge mixed with bottom material or quarry soils at treatment facﬂlty, _
conveyed to melter, and vitrified.

. Clay soils conveyed to melter and vitrified,
e Vitrified material placed in containers for off-site transport.

¢ Building debris and rubble and sized-reduced rubble ptaced in contamers for off-
site transport. ' ' ' '

. Contaminated soils and sediments not slated for treatrent excavated, transported
to storage, loaded into containess, and hauled to the staging area for off-siie
transport. ' ' '
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.. Containers loaded untu trucks and transportad w mﬂmad su:hng in Wmtzwlla
- Missouri. :

. Containers Joaded onto ra:lmad ﬂatcars and transpurteﬂ to Envirocare disposal
facility in Chve, Utah : .

. Material unloaded and. plaead into dlsposal ne]l mntmnea's decontaminated and .
returned to the site by rmtmbercﬁlled

. Temporary storage areas, havl road s?urfaces_,' volume reduction facility, and water
control structures removed and contaminated rhaterial transported to staging areas
or loaded di:ectl}r'intn mﬁiainers for shipment to Clive, Utah, for disposal;

e . Water freatment plant and treatmmt facﬂlty dlsmantled and cnntammated debris
shipped to Clive, Utah for dlspcsal

L e Site regraﬂed and ravg:getated. '
3.2.5 Alternative 7C - Removal, Vifrification and Off-site Disposal at Richiand,
Washington o a . =

. Contaminated soils and sediments and site preparation materials excavated and
hauled to staging areas.” .

. Building foundations and underground piping and sewers excavatad and havled
to MSA. (Alternatively, concrete block and concrete rubble may be stored in an-
expanded Ash Pond spoils pile.) )

» Building debris and rubble hauled from MSA to vo]ume reduction facility and size
reduced. (Recent engineering studies have recommended the elimination of the
volume reduction’ facility. - Some further size reduction may be required at the -
storage area prior to off-site transpori.)

"o Containerized process chemicals transported to Oak Ridge for incineration. (Oak

Ridge is currently accepting only liquid mixed waste; an alternative is vitrification .
for uthe;r materials stored in Building 434, ) .
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e Raffinate sludge dredged, dewatered, and transported to treatment facility. |

» . Raffinate pit rubble excavated and hauled 1o volume reduction facility and/or

¢ Raffinate clay bottom excavated and staged at TSA ot hanled to the wmﬁcanm
plant feed hopper or to the staging area,

» Raffinate pit battnm and quarry soils transferred from the TSA to the treatment
facility: .

. Raffinate studge mixed w1th pit bottom material or quarry soils at treatment
facility, conveyed to melter, and vitrified. :

- - Clay soils conveyed to melter and vitrified. -
. vitriﬁéd material placed in containers for off-site t:ranspun.

. ~ Building debris and- rubble and mzﬂd-reduned rubble placed in containers for off-
: mte transport. :

* Contaminated soils and sediments not siated for tréatment excavated, transported
t{l storage -and lnaded into containers, and hauled to the staging area for nff-sﬂae
transport.

. Containers loaded onto trucks and transported to railroad siding in Wentzville, |
Missouri. '

. - Containers loaded onto railroad flatcars and u-anspamd to DOE’s Hanford
d:sposal facility in Richtand, Washington. '

. Material unloaded and placed into ﬂprGBal cell; wntamers demntannnanad and
returned to the site by rail to be refilled.

. Temporary storage areas, haul road surfaces, volume reduction facility, and water
control structures removed and contaminated materials transported to staging

miusarsijoanneigonzolesieanid-ravige juil12 o313




areas or loaded directly into containers for shipment to Richland, Washington, for
disposal. ' L

e Water treatment plant and vitrification treatment. facility dismantled and
contaminated debris. shipped to Richland, Washington, for disposal. e

. ‘Site regraded and revegetated.
33 _UH-Site Borrow Requiirements

Table 3-1 is a summary of off-site borrow materials that may be required for the on-site |
disposal altemative. Materials will be used for construction of access roads, support facilities,
- disposal cell construction, and site restoration and grading. Borrow matetials may be classified

in the following general categories, including a description of specific application: - .

. Low P\BTITIEG]ZJIIIE}' Clz_i},r:' Infiltration barrier, radqn' bsim'ﬁr, and -engineered
foundation. . a

. Structural Fill: Ciean fili dike (disposal cell perimeter encapsuiation).
o Common Fill: Site restoration and grading.

. Sand: Drain/filter and bedding layers for the cell ..cﬂver, and drain/filier for
leachate collection system. ' S . :

e . Gravel: Road/storage area surfacing. and biointrusion layer of cell cover.

. Riprap: Drainage channel siabilization and cell side cover.
. Topsoil: Site restoration dnd cell cover.
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TABLE 3.1 Summary of Off-Site Borrow Material Requirements
{Quantities Are Preliminary Estimates)

Yolumeg in Cobske: Yacds

Clay ' Commen Fill Sand Grave! Riprep " Yopsoi
A. Off-site Disposal : . .
1} Raffinate Pits . 1,850 © 117,287 o 18,858 * : 0 50,000
2t Ewcavation of Waste o 122,31 O . 17,800 * 0 o
3} Viginity Property 0 3,450 0 1,200 * 825 - 710
41 Fna! Reclamation 0 157,008 6 0 o : 371,000
TOTAL 1,850 - 407,117 o 'a7,858 " g2 87.7t0 535,160
B. OCn-site Disposal - Chemical
Stabllization/Solidification - - _
1} From Saction A. Abave 1,650 : 407117 - 37,858 * B35 47,710
2} Phase 1 disposal call 172,086 77,066 25,0010 - 48,999 38,333 - a718
Z) Phase 2 digpoasl ooll 123,867 40,867 18,000 46,999 20,333 2,778
4) Phaza 2 diaposal col 172,087 77,067 25,000 47,002 38,334 778 -
TOTAL 469,650 802,117 £9,000 37,858 * 97,825 100,044 1,517,494
_ _ 141,000 o o
Call Alone _ 468,000 195,000 69,000 141,000 _ 87,000 12,334 " 982,334
C. On-site Qigpoesl - Vigification . . : - .
1) From Section A, sbove 1,850 407,117 IR azeEes v - . 825 -+ [T
2) Fhase 1 - gingle linad el 172,000 72000 | . 25500 25,500 6,000, : 4,500
3} Phese 2 - single lined cell - 172,000 72,000 25500 .. 26500 o agooc B L
) Vitified Waste Cef © 33,000 61,000 ° 0 0 20,000 6,867
TOTAL . 37HE50 ' . 812,117 . 5%.000 17,858 92,825 103,377 - 1,328.827 .
' 53,000 ' : '

Ceill Alons 377.000 205,000 51,000 53,000 92,000 15,087 - 793,887

* Crushed Limestons
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-4 DESCRIPTION OF ALTMATIVES
. The follmng seclion presents an operanonal description of how each of the. five
alternatives developed in Section 3 would be implemented. The alternatives under consideration
include: ' N ' ' :

e Alternative 1 - No Further Action. -

-

Altermative 6A - Removal, Chemical Solidification/Stabilizationand On-site Disposal.

e Alternative 7A - Remmﬁl, Vitrification, md_anSite Disposal.

' Alternative 7B - Removal, Vitrification, and Off-site Disposal at Clive, Utah.

Alternative 7C - Removal, - Vitrification, and Off-site Disposal at Richiand,
Washmgton

The engineering concepis, equlpmmt and crews dascnbed in the following discussions
are intended only to illustrate a practical basis for accomplishing site remediation. More
definitive engineering concepts, equipment specifications, crew composition, and Operating
procedures will be developed based on the resulis of optimization analyses and on additional
information developed prior to final design. The specific pieces of equipment described in these
discussions are only intended to be representative of a practical means of accomplishing a -
specific task. Any reference to a specific manufacturer’s product does not constitute an
endorsement or reflect final selection of equipment type, size, and capagity. '

4.1  Alternative 1 - No Further Action
Under Alternative 1, no further remedial activities w111 be undertaken other than the
. following interim response actions (IRA). This alternative is; ‘based on the assumpunn that these

IRAs will be in effect as the baseline condition for the- feasibility study.

1) The 96,800 cubic yards uf quarry bulk waste is in storage at the temporar)r storage
area (TSA).

The 544,500-square-foot TSA will be an area with drainage, haul roads, and
appurtenances. Runoff will be drained to a retention pond where it will be conveyed
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to a water treatment plant. The design life of the TSA, as corrently concephualized,
is 10 years. However, this facility, supported by the water treatrment plant could
perform its intended funchun fora mns.lderably longer period,

) 2} Appmnmaxely 118,978 cubic yards of debris from dlsmanﬂed hu:ldings and smmres .
are stored at the material staging area (MSA).

The MSA is being constricted in the northern portion of the site as part of a project
interim response action, .Thirty buildings at the Weldon Spring site will be dismantled.
after loose radioactively contaminated materials are removed to the extent feasible.
Equipment and other material present in the buildings will also be removed.

The active life of the MSA, as currently conoe:pttmhz:ad 'is also projected to be 10
years, Materials to be stored in the MSA include smlctural meial, equipment, non-
friable asbestos, and concrete rubbie. :

The MSA foundation is designed tn ensure structurai Stahﬂlt}" and to support the

' waste, cover material, and any equipment used on the-area. The MSA wilt be located
above the seasonal Righ-water table and will be underlain by recompacted, fine-

" grained soil to minimize infiltration and poiential contaminant migration info the
neatby environment during the active life of the facility. The MSA design also
minimizes surface water runoff and run-on. A runoff collection system witl contain
runoff in an adjacent siltation pond prior to direct discharge to or. freatment in the on-
site water treatment plant (DOE 1991}, ' - '

3) Approximately 5,800 cubic yards of contaminated soil are stored in the 4.1 acre Ash
Pond spoils pile. As an alternative to the storage of concrete rubble in the MSA, this
material may be placed within an expanded Ash Pond spoils pile. Drainage from this
area is contained by the existing Ash Pond containment dikes and water control
systermn. :

4) The water treatment piant at the chemical plant area is. operational.

The nominal flow rate capacity of the water treatment plant is 80 gallons per minute
(gpm). However, to ensure efficient and continuous nperanon, the water treatment
plant will be primarily. operated at 55 gpm., Based on estimates developed for -
. complete site remediation, the flow rate of 55 gpm would oceur in years 3 to 5 of the
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remediation schedule. Under the no further action altemanve, inflows will be much
less than the maximum capamty requirements. caleulated for the complete remediation
* alternatives. : .

"The site water treatment plant for the removal options will have a design life of 10 .
years and will consist of two treatment syspems. An initial physiochemical system
will treat wastewaters with low nitrate and low chloride contents which include the
TSA runoff, MSA runoff, equipment decontamination. wastewater, lavatory and
shower wastewater, and water treatment plant recycle flows. The second system;.a
distillation system, is designed to treat water from Ash Pond and the raffinate pity.
However, under the no further action altemnative, Ash Pond and the raffinate pits will
not be remediated; and consequently, the second syst_em will not be constructed, -

5) Under the no further action alternative, the containerized process chemicals and other
materials stored in the Building 434 facility would remain in this controlied storage -
area. : . ’ oo . :

Under the no fusther action altemative, contaminiated soil, raffinate, and sedinient will
remain in place, However, the following activities wﬂ! be continuaily pe.rfornwd at
the site: :

= Environmenial monitoring.

- groundwater.
- surface water
- air,

»  Mantenance.

MSA and TSA,

water treatment plant.

raffinate dikes.

pond dikes,

fences and other 1nst1tutmna] controls.
Fémaining buildings.

road system.

3
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+  Operations.

- MSA and TSA (run-on collection).
- water treatment plant.
- site security.

42  AMernative 6A — Removal, Chemical Stabillzation, and On-site Dispesal

This alternative is based upon ihe assumption thiat 6.5 hours of productive work will be
accomplished during a standard 8-hour work period when hazardous materials are involved. -
Work in non-hazardous environments assumes that 7.5 working hours will be attainable during
a standard §-hour shift. Accordingly, all production rates are adjusted to an 8-hour shift basis,
.~ Operations are scheduled for a single shift, 5 days per:week, 20 days per month, overa 9-month

~ work year, allowing for a 3-month winter shutdown. o

. 4.2.1 Site Preparation

Site preparation will include clearing and grubbing and placing filk and gravel throughout -
. the chemical plant area to support the construction of the disposal cell, the treatment plant, on-
“site haul roads, and-other support facilities. : ' . '

Clearing and grubbing of the chemical plant site area includes clearing 24 acres of light
and 13 acres of heavy vegetation. The light vegetation wili be removed at a rate of
- approximately 0.5 acres per day by 4 9-man crew using three -10-cubic-yard end dumps, a 3-
cubic-yard loader, a D-6 dozer, a bush chipper, and a Water truck during a 45-day wortk period.
Heavy clearing and grubbing will be performed by a iZ-man crew using the same basic
equipment at a rate of approximately 0.4 acres per day during 30 work days. The chipped
vegetation will be deposited in' the mulch pile. -

Clearing and grubbing of 4.6 acres at the raffinate pits for haul roads (3.6 ac) and work
areas (11 ac) will be performed at a rate of approximately 0.5 acres per day by a 12-man crew
using a 3-cubic-yard loader, a D-6 dozer, four 10-cubic-yard end .dumps, 11 chippers, and a
water truck over a 29-day work penﬂd ‘The chipped vegetation will be hauled to the mulch
pile, A total of 28,700 cubic yards of vegetation cleared from those areas and from the quarry, .
together with 1,950 cubic yards of railroad ties, will be chipped and stored in the mulch pile.
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_ Haul road construction includes clearing and grubbing the road alignment, placing 12
inches of fill from off-site borrow over a 30-foot road width, and applying 6 inches of gravel
base on & geotextile which separates the fill material from the underlying contaminated material.

At the raffinate pit, the 12 inches (5,900 yd®) ‘of imporied fill material for the road sub-
base will be placed at 4 rate of 57 cubic yards per hour, assuming the borrow source will be
_ within 4 $-mile havl distance from the site. This work will-be accomplished over a 12.9-day
~ period by an 11-man crew using a 3-cubic-yard front-end loader, a water mtr.:k a.grader, a
Raygo 400 compactor, and five 10-cubic-yard haul units. |

Over & 4.3-day pefiod, 3,500 cubic yards of delivered in-place gravel base wil bo placed
over geolextile at a rate of 100 cubic yards per hour by a 9-man crew- using a D-6 dozer, a
Raygo 400 compactor (smooth wheel}, a grader, a water wagon, and a flatbed truck. )

Haul roads and storage area base for the chemical plant wﬂl require the plicement of

23,400 cubic yards of imported fill and 9,400 cubic yards of gravel base. Completion of these -

operations, using the crews and production rates described above for the rafﬁnate pit area, wﬂl
require 51.3 work da}rs and 11.8 wnrk days, respectively. '

Haul roads for Army vmmty pmpert:es 5 and 6-will require the planement of 2 4[}(} cubn: _
yards of imported fill and 1,200 cubic yards of gravel -base in. 3.4 and 2.1 work days,
respectively. Clearing and grubhmg of 3.0 acres will also be required, : '

Site preparauun also inciudes the . construction’ of five water control penmctcr ‘dikes
. requiring the placemerit of 37,900 cubic-yards of embenkment. Constriction of thie perimeter
water control structures will include the clearing of 14 acres, removal of 3,850 cubic yards of

s0p soil, excavation and embankment placement of 33,320 cubic yards of soil, and the hand
compaction of an additional 4 58() gubic yards of soil. '

The clearing operation wﬂlhepcﬁonn&daiara:eofﬂ?ﬁmperday byalﬂ-man _
crew using a 3-cubic-yard loader, two 10-cubic-yard end-dump trucks, a D 6 dozer, a wate.r '
wagon, and a brush chipper dunng a 19-day work period. '

'Removat .and storage of top soil wili be performed at a rate of 73 cubic yards per hour

with a S-man crew using an elevating, self-loading SCraper, & D-6 dozaer, and a water fruck.
Th15 uperauorn will require 7 work days. - :
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Soil excavation and enMMmt placement will be a}:cmnp]ishad at a rate of 146 cuhiﬁ
yards per hour by a 9-man crew using 2 elevating, self-loading scrapers, a D-6 dozer, a Raygo
400 compactor, & water truck, a disk. harrow and a gradar over & work period of 29 days

- Hand compaction placement will require a 6- or 7-man crew using a Case 580 backhoe,
a water truck, and 2 or 3 hand compactors. Production will be at 14 and 21 cubic yards per
hout over a period of 36 crew days, -

. 4.2.2 Excavation and Transpurtatiun of Waste Mateﬁa]s

The focus of this task is the removal of sludge:s from the- ra.fﬁna.te pits, the mtca\raunn .
of contaminated soils and sedimenis from the chemical plant area and vicinity properties, and
the transport of contaminated material to the various treatment and storage facilities. and the
. dlspusal cell. The crew descriptions and production rates. included in the followmg subsections -
encompass the major on-site excavation and transportation npe:rauﬂns The various mnt&mawd
materials and their sources are described in Section 1. 3.

Dunng waste removal activities, semment transport will be controlled by sedlmmtcontml
‘structures in addition 1o standard engineering practices. The control structures, which are
addressed. in detail in the Chemical Plans Sutfoce Water and Erosion C‘amm! Plan (MKF and
JEG 19914), will be located within the site bﬂunda.r}' and may include:

¢ A levee north of Fmg Pcmd al-:mg site bnundary to prew:nt run-on.

A sediment control strueture- below Frog Pond,. T

“Two sediment control- structures below the construction matanal staglng area.’
* A sediment control structure below Ash Pord.

* A sediment control structure south of Building 408.

'

4.2.2 1 Raffipate Pit Sledge. The rafﬁnate sludge is a very ﬁne—grmned gelatmous
material consisting of 27% solids and 73 % water. These physical characteristics lend themsélves
to a pumping operation as opposed to other, more conventionat loading and hauling methods. '
‘The dredging procedure described below is based on the results. of the R@ﬁmfe Sludge Dredging .
and Dewatenng Srudy (MKES 1992a),

To remove the raffinate pit siudges and delwr.r this matestal to the treatment plant ] ﬁ{}-' -
tph cutting head dredge will be suspended in the ponded water and will direct ihe sludge to.a -
25-hp slurry pump mounted on- the dredge. - The studge will then be pumped thmugh a 4—1nch -
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pipe mto surge tanks at the sludge pmcesmng area. Water will either be pumped or atlowed to
flow back intothe pit to maintain dredge flotation. Flotation water replacement for material

volume removal will be accomplished by pumpmg from raffinate pit 4, from site retention

ponds, or from the site water treatment plant equalization basin, Additionat equipment required
will include one 1-ton welding truck, one 14-foot aluminum boat, and one 1,400-cfm compressor
(250 hy). Dredping production rates will be as follows: '

Pit | - 17,574 tons @ 60 tph @ 6.5 hrs/day = 45.06 days or 9.0 weeks,
Pit 2 - 17,574 tons @ 60 tph @ 6.5 hrs/day = 45.06 days or 5.0 weeks.
Pit 3 - 130,896 tons @ 60 tph @ 6.5 hrs/day = 335.63 days or 67.1 weeks.
Pit 4 - Sﬁ,l'ﬂﬁ tons @ 60 tph @ 6.5 hre/day = 143.99 days or 28.8 weeks,

a & # @

Assuming the above operating rates and a crew uf 7, dredgmg the raffinate pit sludges
will require approximately 114 work weeks, The four raffinate pits will be dredged in numerical
order, with pit 4 receiving the water pumped from pits 1, 2, and 3 and providing replamnant
flotation water. Soils wili be removed from the pits in the same order. '

Fuel requiremems inciude 8,5- gallons per weck each for the welding truck and the
aluminem boat. Electricity wilt be required to operate two 23-hp slurry pumps and one 100-hp " -
dredge 32.5 hours per week. ' ' . ' ' o

_ Because the sludges will remain covered by water during removal, the dredging operation o
will not require dust control measures. - '

4.2.2.2 Soils and Sediments. Because of the physical nature of the soils and sediments,
excavation and transportation of this material can be accomplished effectively and efficiently
using standard construction/earth-moving equipment. Since standard earth- -moving equipment
has a high degree of mechanical reliability, with minimal downtime, major operational .
uncertainties are not antlclpated The seiected excavation methods mclude

» Backhoe loaders, operating from the top of the soil to be excavated, will place ﬂ1¢ s0il
into over-the-highway trucks for transportation to the disposal. cell or to interim
storage. -

e Front shovel opetating from the bottom of the excavation will place soil into over-the-
highway trucks for transportation to the appropriate site.
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» A front-end loader, operating from the storage area base or from the bottom of the
excavated area, will remove soils and place the matena] into over-the-highway trucks '
for delivery to the appropriate location.

. Scrapers will be used to remove soils from large areas qf refatively shalluwd:pﬂzﬁnd -
transport the material to. the apprupriate site. ' ' ' '

The majority uf the equipment will be diesel pnwered A fueling station will bamquued :
to allow delivery to storage tanks from a clean (non-conmmnated} zone. The excavation
equipment will have access to the fueling station without decontamination. Fuel usage for-
equipment from each source area will be equivalent fo standard construction fuel cnnsumptmn
rates for the stated operating times.

The removal and transportation’ sceniarios developed for soils and sediments fm: each
source area identified in Section 1.3 are described below. Material will ‘be transportext gither
to the treatment facility, TSA, Ash Pond spoils pile, or disposal cell as appropriate.
 Approximately 278,600 cubic yards of on-site and 23,600 culnc yards of off-mtz material are

included in this category. : :

e Ash Pond. The 8.200 cubic yards of soil will be excavated from Ash Pond and
hauled to the disposat cell at a rate of 70.8 cubic yards per hour by an 13-man crew
assisted by four 10-cubie-yard end-dump trucks, a Hotsy steam cleaner, a CAT 235

© front shovel, a D-6 dozer, a water truck (hatf ime), a grader (half time), and two 4~

* inch pumps. Ash Pond-soils and gravel base will be removed and havled to the.cell
. over a peried of 21.5 work days. A 4,000-cubic-yard gravel working-base will be
_installed in Ash Pond at a rate of 24 cubic yards per hour using the fnur haul trucks -
and a 3-cubic-yard front-end loader, as tequired, as the excavation progresses.
Removal of the gravel base will follow excavation of the Ash Pond waste using the
same removal crew and at the same production rate.

* Frog Pond. The 7,000 cubic yards of contaminated soil will be excavated and havled

fo the disposal cell at a rate of 70.8 cubic yards per hour by an 11-man crew using

four 10-cubic-yard.end-dump trucks, a CAT 235 front shovel, a D-6 dozer, a water

truck (half time), a grader (half time), and a 4-inch pump (quarter ume} Frog Pond
~ soils and gravel base will be removed and hauled to the disposal cell over aperiod of -
" 13.8 work days. An 800-cubic-yard gravel working base will be placed at the bottom

of Fmg Pond at a rate of 24 cubic yards per hour using the four haul trucks and a.3-
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cubic-yard front-end loader, as required, as thé excavation progresses. Removal of
the gravel base will follow excavation of the Frog Pond waste using the same crew
and at the same production rate. : '

"o Basch Lakes 34, 35 and 36. Remediation of the Busch Lakes will be coordinated
with the Missouri Department of Conservation's (MDOC) routine drainage and
- sediment removal prograt. After the lakes have been drained by MDOC, hot spots
~ of contamination (20,000 yd®) will be removed and transported to at a transfer point
. adjacent to each lake using a 14-cubic-yard scraper. A 96GE front-end loader will
then load the material into five 10-cubic-yard end-dump trucks for transport. Haul
trucks equipped with bed Tiners will be decontaminated before leaving the loading area
and the disposal cell. With a 14-man crew and an excavation rate of 84.9 cubic yards
per hour, 8,000 cubic yards of contaminated sediment can be removed from Lake 34
in 12 work days, 5,000 cubic yards from Lake 35 i in 7.5 work days, and 7,000 cubic
yards from Lake 36 in 10.5 work days. After the hot spots are removed, the transfer
area at each lake will be reclaimed before returning the site o the MDOC.,

North Dump. Contaminated soil at the North- Dump wilt be excavated usmg the
same crew and equipment used for Frog Pond. At an excavation rate of 70.8 cubic -
yards per hour, the 7,600 cubic yards of soil will be removed and hauled {0 the hsh
" Pond spoils pile in 13.4 work days.

South Dump. Contaminated soif and sediment at the South Dump will be excavated
and hauled using the same personnel, equipment, and operating rates identified above
for Frog Pond and the North Dump.- At an operating rate of 70.8 cubic yards per
hour, the 16,900 cubic yards of contaminated sediment will be excavated from South
Dump and hauled o the disposal cell in 29.8 work days. :

"Raffinate Pits. Following the removal of studge and any residual surface water, the .
retnaining 153,500 cubic yards of contaminated soils (clay bottom, embankment
material, etc.) will be removed using conventional earth-moving equipment. The
upper 1.2 fest (50,000 yd?) of the pit bottom is anticipated to require treatment. This
material will be hauled to and stockpiled at the TSA, or hauled directly (o the .

. treatment facility. Based on an operating rate of 68.8 cubic yards per hour, the

excavation and haul time is estimated to be 90.8 work days or 18.2 work weeks for

Call four pits. This estimate assumes a 9.5-man crew usmg a ChT 235 front shovel, .
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© a D-6 dozer, four 10-cubic-yard end-dump trucks equipped with HEPA filters, and
a half-time water truck, '

Approximately 15,400 cubic yards of aggregate base will be placed on the bottom of
the upper Lifi to stabilize the working surface. The end-dump trucks used for hauling
will be loaded periudicaliy' on their retumm haul with aggrepate from an on-site
stockpile. Loading will be accomplished at an estimated vate of 24 cubic yards per
hour. The aggregate base will be removed with the 2.5 feet of botiom material
{103,500 yd*) and hauled to the disposal cell over a 43.2-work week period, based on
the same operating rate of 68.8 cubic yards per hour and excavation crew using.a
CAT 235 backhoe.

* Other Site-Wide Surfaces. Contaminated soils surrounding underground piping and
sewer lines {20,000 yd?) will be segregated by the CAT 215 backhoe used for pipe
removal, and then reloaded and transported to the disposal cell or to the Ash Pond
spoils pile by a 9-man crew using a 3-cubic-yard foader, four 10-cubic-yard end~dump

trucks, a half-time grader, and a half-time water truck. At-a rate of 56.3 cubic yards
per hour, this operation will require 8.9 work weeks to complete.

‘Contaminated scils beneath the building foundations and in open areas (65,400 yd?®),
including the coat storage area, will be excavated and hauled to the Ash Pond spoils
pile by a 10-man crew using 3 CAT 613 scrapers, a CAT 235 backhoe, a D-6 dozer, '
a water truck (half time), a grader (half time), a 4-inch pump (quarter time), and a
1-cubic-yard backhoe (quarter time) at a rate of 150 cubic yards per hour over a.
period of 10.9 work weeks,

* Vicinity Properties. Contaminated soils on Army properties 1, 2, 3 and Busch
properties 3, 4, 5 will be excavated with a backhoe for optimum depth control and
then picked up and trammed with a 3-cubic-yard front-end loader to a truck-loading
area. The proposed excavation procedures at the truck-loading location and the use
of truck bed liners will ensure that contaminants are not spread when the material is
hauled o the disposal cell. The use of plywood sheets at the loading site will also
minimize the accumulation of contaminated soil on the truck tires. Draping the liners

. over the owside of the beds will also prevent spiilage during- luadmg from coming in
contact with the truck mdes
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. Excavation of the 1,160 cubic yards of contaminated soil in. Army property 1 will be
performed at a mate of 32.5 cubic yards per hour over a 4.5-work day period. A
13.25-man crew will use a CAT 235 backhoe, a-3-cubic-yard front-end loader, a
water truck, three 10- cublc-}rard end-dump trucks, one grader (quarter time), and a
Hotsy steam cleaner.

Removal of the 630 cubic yards of waste at Army property 2 and Busch property 4 -
will require 3.8 work days at an operating rate of 20.4 cubic yards per hour. Soil
removal will be performed by a 12-man crew using a CAT 233 backhoe, a 3-cubic-
yard front-end loader, a water truck, two 10-cubic-yard end-dump trucks, and'a Hotsy
steamn cleaner, Busch ‘properties 3 and 5 are small, isolated areas containing an
estimated 50 cubic :,rards of waste which will requlre apprc:xlmately 2.5 crew days to
Temove. :

Waste excavation at Army property 3 (approximately 60 yd®) will be performed in 1.5
days at a rate of 5 cubic yards per hour. The 1-man-crew will use a Bobcat loader;
a 1-cubic-yard. backhoe; a water truck, two lﬁ-cublc-}rard end-dump trucks and a
Hotsy steam cleaner

- - Cleanup of Army pmpemes 5 and 6 will require excavation of 1 ?ﬂﬂ cubic yards of
- contaminated soil and transporiation to the dispesal cell. This operation wil be .
performed after the construction of adjacent access roads aver a 4.5-work day period
at a removal rate of 46,9 cubic yards per hour. Wﬁrk will be accomplished by a 15-
man ¢crew using a CAT 235 backhoe, a water. truck five 10-cubic-yard end-dump .
trucks, and a diesel pump for diversion of minor water flow around the work area.

Remediation of Army properties § and 6 also involves the removal of contaminants
that have migrated beyond the site boundaries as a result of runoff from the chemical
plant site. Therefore, cleanup of these properties has been scheduled to begin after
the reclamation of the chemical plant drainage area to prevent possible -
recontamination of cleaned areas. ' : '

4.2.2.3 Raffinate Pit Rubble. Afier excavation of contaminated soils from pit 4,
. approximately 500 cubic yards of rubble will be removed and transported to the disposal cell,
or to the size reduction facility for processmg. The debris will consist of concrete, tanks,
barrels, pipe, wood, and structural elements, Some of the wood rubble may be composted to
reduce volume prior to placement in the disposal cell. As discussed previously, composting -
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- alternatives will be based-on the resulis ﬂf Ongoing swdles ‘Magterial size reduction wilt be
performed at the volume reduction facility located. near the MSA, Removal of rubble will be
~accomplished in 12.0 work days, based on a production rate of 5.2 cubic yards per hour by 2
13.5-man crew. Required equipment includes a D-6 dozer (half tlmej a CAT 235 backhoe, two
' 1ﬂ-cub1c ~yard end-dump trucks, and a water wagon (half Ume}

4.2.2.4 TSA Materials, Ash Pond Spoils Pile, and Mulch Pile. Material stockpiled
in the TSA, Ash Pond spoils pile, and mulch pile will be reciaimed and hauled to the freatment
facility, the volume reduction facility, or directly to the dlspusal cell. The 150,400 cubic )aards
of material to be stored at the TSA includes approximately 100,400 cubic yards of quarry bulk
waste and 50,000 cubic. yards of raffinate pit clay bottom. . This volume includes 40,700 cubic
yards of rubble that will be havled to the volume reduction facility, 6,10} cubic yards of soil
and sediment that will be placed directly in the disposal cell, and 100,000 cubic yards of soil and
clay together with 3,600 cubic yards of water treatment plant residuals that will be transported
- 10 the treatment facility. The 5,800 cubic yards of soil stockpiled at the Ash Pond spoils pile
and the 30,652 cubic yards of organic debns at the mulch pile wﬂl be u*ansported dlrecﬂy to the
disposal cell. :

. Approximately 40,700 cubic yards of debris stored in the TSA will require loading and:.
_transport to the volume reduction facility. - This.operation will be accomplished .in 25.4 work.
weeks at a rate of 40 cubic ‘yards per hour by a 4-man crew using a 3-cubic:yard front-end
" loader and two 10-cubic-yard end-dump trucks.

Contaminated material from the TSA, muich pile and Ash Pond spoils pile will be loaded
and transported to the disposal cell at a rate of 56.30 cubic yards per hour by an 8 man crew
‘using a 3-cubic-yard front-end loader, a D-6 dozer, a water truck (half time), a grader {half
time), and four 10-cubic-yard end-dump trucks over a 32.0-work-week period. The material will
include 36,752 cubic yards of material from the TSA and the mulch pile; 5,800 cubic yards of
contaminated soil stored in the Ash Pond spoils pile; an estimated 22,000 cubic yards of -
contaminated soil generated during waste removal operations during initial cell construction and
stockpiled at the Ash Pond spoils pile; and 7,600 cubic yards from the Nerth Dump, also to be
stored in the Ash Pond spoils pile.

The 100,000 cubic yards of contaminated soils and sludpes, along with the 3,600 cubic. -
yards of water treatment plant residues, will be hauled to the treatment facility using a CAT
966E front-end loader with a 5-cubic-yard bucket at an average of 73 tons/hour (48 yd*/hr) in
332 work shifts (6.5-hours-per-day basis). This operating rate is based -on 12 cycles per hour,
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55 minutes of production per.heur, and a 95% bucket fill factor. Future planning will maximize
the quantity of raffinate pit soil placed directly in the treatment plant feed system to reduce
- stockpiling and rehandled volumes.

_ The approximately 30,700 cubic yards of organic debris (including 1,950 yd? of chipped
railroad ties) removed during site clearing and grubbing activities will be chipped and stockpiled
at the mulch pile. A mobile unit could chip the material at an estimated rate of 4.5 tons per
hour.

Clear and grub activities at the raffinate pits and chemical plant.areas are scheduled to
occur during 1993, Samples of the chipped clear and grub materials will be collected to
determine concentrations of uranium, radium, and thodum, If coniaminant concentrations
exceed the cleanup criteﬁa, the materials will be composted and eventually placed in the disposal
cell, Based on UMTRA project experience, the maximum organic content of a disposal cell
- should :not exceed 5%. '

The mulch pile is tentatively sited at the northwest portion. of the site (Figure 1-2) and
- would be actively managed. to enhance the biological treatment process. Following is a list of
otganic materials which could be composted:

Cubic Yards Tons

Quarry clear and grub 5,300 3,340
Raffinate pits clear and grub 5,900 3,720
Chemical piant clear and grub 17,500 11,030
Chipped quarry railroad tes 1,200 - 630
Chipped. chiemical plant railroad ties 750 410
Paper 2 i

TOTAL 30,652 19,151

Analysis of cost and methods to support composting decisions are not yet completed.
However, manpower and other costs would be an insignificant percentage of overall cleanup
costs. Composting cost is low compared to incineration, and emission control and the resulting
residuals are avoided. -

4.2.2.5 MSA Material. Approximately 118,978 cubic yards.of building debris and non-

friable ACM in storage at the MSA. will require loading and transport o the volume reduction
facility or directly to the disposal cell. This operation will be accomplished over a 74.4-work-
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week perib-d by a 4-man crew using a 3-cubic-yasd front-end loader and two 10-cubic-yard end-
dump trucks at a rate of 40 cubic yards per hour. Alternatively, approximately 58,814 cubic
yards of concrete Tubble may be stored within an expande:d Ash Pond spoils pile.

ﬁppmxlmately 122,900 cubic }rards of matenal consisting of quarry rubble (40,700 yd?),
MSA waste (75,800 yd*), treatment plant closure materials (900 yd), raffinate pit rubble (500
yd®), and used PPE (5,000 yd®) will be loaded and transported directly from the MSA to the
disposal ceil or volume reduction facility at a rate of 40 cubic yards per hour by an 8.75-man
crew using 4 3-cubic-yard front-end loader, a D-6 dozer, a water truck (haif time), a grader -
(quarter time) and three 10-cubic-yard end-dump trucks over.a period of 76.8 work weeks.
Recent engineering studies have recommended the elimination of the volume reduction facility.

4.2.2.6 ACM Storage Area. An estimated 9,827 cubic yards of ACM will be stored
on-site.” Approximately 4,716 cubic’ yards of the total consists of friable asbestos. The’ '
remainder: consists-of 5,111 cubic yards of non-friable asbestos-containing roofing, siding, and
flooring which will be stored at the MSA. Prior to building demolition, ACM wil! be removed
in accordance with the procedures specified in the individual work packages. All asbestos
removal. will be performed to ensure that no-dust is generated and-that ail asbestos fibers are
controlled. For example, pipes with ACM insulation. will be wrapped, cut-and transferred to:
a secondary staging area, The asbestos-containing insulation will then be stripped from the pipes -
“within the fully enclosed staging area under negative air pressure, Gross removal of ACM wilk '
be performed within full enclosures under negative air pressure. The temporary on-site storage
location after removal of Building 103 and final disposition of the ACM was the subject of a
separate, uncompleted study. A temporary storage area for friable ACM has been constructed
north of Buildinigs 403 and 404. The ACM is stored in sealed containers and will eventually be .
- placed in the disposal cell.

Transport of the 4,716 cubic yards of friable asbestos to the disposal cell will be
accomplished at a rate of 40 cubic yards per hour by an 8.25-man crew usmg two 10-cubic-yard
end-dump trucks over a period of 3 work weeks. :

4.2.2.7 Building 434. Approximately 400 drums of containerized chemicals, 3,000
cubic yards of contaminated PPE, (uncompacted) and 1,400 drums of radioactively contaminated
materizls that are not regulated but are above site telease levels will be held in controlled,
temporary storage in Building 434. The drums contain radioactively and nonradioactively
contaminated- soils, lubricating cils, PCB oils, solvents, paints, and other types of wastes,
Characterization of these materials is not yet complete but wili be complesed before a disposal
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program is initiated. The:prefersed disposal option, as described in the FS, is for the drums
containing liquid waste to he shipped t0.a ticensed facility for incineration. The remaining 1,400
_drums- which primarily -contain contaminated soil will be prepared and treated on site by
neutralization or stabilization in accordance with appropriate regulatory requirements.

The PPE will be compacted as it is stored in Building 434 or, altematively, will be
transported o the volume reduction facility for size reduction prior to final disposition in the on-
site disposal cell. Removal and transportation of this material will be accomplished over an
extended period as equipment is available, The 4-man crew will require an estimated. 1,300
hours to complete this task using one 10-cubic-yard truck and one drum loader (fork lift). -

As stated, the drummed liguid. wastes from Building 434 will be trucked to a suitable,
jicensed facility for incineration. Each truckload wili contain 22 ‘pailets of 4 drums each.
Approximately 5% of the tatal exceed 2,000 pCifg uranium-i?-g_ and will be classified. as
. radioactive under 49 CER 173. - Special handling and special containers will be required for-
" transpori. The DOE has not formally approved any containers for the transport of liquid
radioactive waste. Certification of a container or a variance from DOE Order 5480.3 will be
necessary to ship the radinactiw:!;-,r.'- contaminated waste. In addition to these drummed liquid
wastes, approximately 7,400 gallons of radjoactively contaminated tributyl phosphate cugrently.
stored n tanks will also be transported to a licensed facility for incineration.

For purposes of this engineering evaluation, it was assumex! that the K25 Incinerator at
Qak Ridge would be available for treatment of the liguid wastes, The distance to Oak Ridge is
. approximately 500 miles, Transpostation costs arc estimated to be $1.65 per mile, with an
additional $75 fee for loading or unloading times exeeeding one hour. Based upon an 8-hour
unloading time, a cast of $68 per ton has been used to estimate the transportation charges. The
transporter will be a commercial, licensed hazardous materials transport company. Each load
will be manifested, as necessary, and all treilers will be placarded according to the contents.
‘Yncineration costs have not been identified because waste characterization is not complete. An
incineration cost of 50 cents per pound has been used, based uporn' engingering calculations '
developed by ihe project. '

The transporter- will be a commercial, licensed. hazardous materials transport COmpaNy.

Each load will be manifested, as necessary, and all trailers will be placarded according to the
contents. .
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If the Oak Ridge incinerator or an alternative facility is rot.a viable disposal option for
liguid wastes, contingency alternatives will require ‘more detailed evaluation. A contingency
- option may be to stabilize these materials in the ensite treatment facility or treat in the water
treatment plant. No other specific dispasal' opticns have been identified for this relatively small
quantity of waste. At present, other incinerators cannot accept radioactive material, and EPA
regulations (40 CFR 268) prohibit land disposal without treatment to required standards.

4.2.2.8 Roads and Embankment Removal. Removal of the contaminated haul roads
and the retention basins {30,830 yd®) and transpart to the disposal cefl will be performed at a
rate of 56.3 cubic yards per hour by a 13-man crew using a 3-cubic-yard front-end loader, a D-6
dozer, a water truck and four to six 10-cubic-yard end-dump trucks over a pericd of 13,7 work
weeks,

‘Recovery of the 25,900 cubic yards of contaminated sediments and control dikes will be
~aconmplished at a rate of 100.cubic yards/hour with a 12-man crew using a 3-cubic-yard front-
end loader, a D-8 dozer, four 10-cubic-yird end-dump trucks, a grader, and a water truck. This
operation will require 6.5 work weeks and will occur just prior to the cell closure.

4.2.2.9 Building Foundations and Underground Piping and Sewers. Demaotition of
- 40,591 cubic yards of concrete slabs and pads will be. performed over a 40.6 wotk-week period
at a rate of 25 cubic yards per hour by a 10-man crew using a 235 backhoe, 4 hoe ram, 600-cfm
compressor, a water truck, a 25-ton hydraulic crane, and a CAT 966 loader. After excavation,
the contaminated concrete (52,768 yd? swelled volume) will be hauled to the MSA over 2 19-
work-week. period at a rate of 70 cubic.yards per hour by a 40-man crew using a 3-cubic-yard
front-end loader and two 10-cubic-yard end-dump trucks. Altemauvely, this material may be
- stored -within an expanded Ash Pond spoils pile.

Approximately 64, 240 lineal feet {1,309 },rd3) of underground pipe and sewer lines m]l
be excavated and hauled 1o the MSA aver a 101.7-work-week period at a rate of 15.79 lineal
feet per hour. A 7- man crew will use a 1-cubic-yard backhoe, a 15- 1o 20-ton hydraulic crane,

and a tractor-trailer.

Backfilling of the pipe trenches will require 102,501 cubic yards of clean excavation
adjacent to the trench, This operation will be performed at a rate of 60 cubic yards per hour
by a 9-man crew using a 1-cubic-yard backhoe and hand compactors over a 42, 7-work-week .

period.
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4,2.3 Volume Reduction

A volume reduction facikity (VRF) will be constructed to manage materials requiring size -
reduction prior to placement in the disposal cell. The VRF will be located north of the MSA
and will occupy a 9,000-square-foot area. The VRF area will be cleared and graded prior to
construction, However, recent engineeting studies have recommended the f:llmmannn of the
volume reduction facility, '

Table 4-1 lists the bulk waste quantities of candidate YRF feedstock (MKF and JEG
199]’c}) Figures 4-1 and 4-2 illustrate the propesed VRF process flows for these materials.
These processes focus on {:rushmg, shearing, and compacting which are widely used volume and
size reduction techniques. An evzluation of the alternate volume reduction methods that are
commercially available for processing Weldon Spring waste led to the conclusion that the bulk
materials listed in Table 4-1 can be divided into four categories of waste (MKES 1992d).
Foliowing is a description of the four waste categories and the three major processing lines that
will handle this materia! in the VRF (MKES 1992d). The materials to be size reduced will be
delivered by 10-cubic-yard end-dump trucks to the VRF from the TSA, the MSA, and possibly '
the Ash Pond spoils pile.

TABLE 4-1 Quantitiss. of Candidate Volume Reduction Feedstock

| Walufine Waight
hatarkl . Ya! Tens
Guarry Bulk Matal . 10,500 &9, 460
Quarty Bulk Rook/Coenorate ' . 30,200 61,810
RaMfinate Plts Rubbls L 2,310
Treatment Farility (Cloeural : a00 3,580
Reafing, Siding, and Floodng 5,100 19,902
Frigble Ashastas - . . 4,700 - pa20
Mesonry Blosk . 7,300 E.519
Slatr Deck and Foundation 51,500 104,316
Debris : _ 300 298
Condult ard Piping L2400 . 3,815
HVAC Ductwark 100 3332
Tanks - € 500 1304
Miscallaneous Equipment 40,800 8,182
Undarground Fiping - 1,300 1,734
Furniture & Sofid Wood ] o 2,300 214
Siding {(Aluminum & Stwei} 100 452
Structurel Steel & RR Raila 1,108 7,645
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~_dust that.is produced. ‘This dust will be pulled mm a baghouse and through a finat filter by an

~The first category-of bulk waste is composed of materials which.can be brukﬁ'l up by an
impact crusher. This group of materials is shown in Table 4-2.

TABLE 4-2 Materials Reduced by Impact Crushing

Yoluima Waight

Material - ¥d* Tona
Quarry Bulk Rock/Concrate L 30,200 51,810
Raffinete Fite Rubkle : . B} 3,210
Traatrernt Faclity (Closure) ] oS00 3,890
Masonry Block . 7.300 55618
Skab Deck and Foundetion 51,500 104,314
Underground Piging nor-matallic). 1,300 1,734

' TOTAL 81,700 180,672

The first processing line, using.an impact crusher, ‘will process concrete rubble, rock,
cinder block, rock, glass; and ceramics. This material will be delivered to the. processing line -
.anit handled using a front-end loader at the rate of 50 tons {about 40 yd*) per hour, - A shear will
break up large pieces, and a pulverizer will break concrete. away fram rebar. The rebar will be
hauled to the rotary shear, and the concrete will be fed to the impact crusher. The crushed
product will be delivered to the loadout bin and subsequently seclaimed by front-end loader for- -
transport to the on-site disposal cell.” Dust collection equipment will be installed to remove the

induced draft fan.
The second catégmy (Table 4-3) consists of materials which can be shredded or broken -

into small pieces by a rotating shear. Depending on the shredder feed stock, materials may be
shredded into pieces as small as 1 inch (MKES 1992d). '
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TABLE 4-3 Materials Reduced by Rotary Shear

- Voluma Waight
- Matartal ' ¥d* Toans

Debris 300 ' asg
Conduit and Fiping 2,404 a,92%
HYAGC Ductwark ' _ T 333
Tarks 6,500 . 1,304
Furniture & Solid Woed . 2,200 224
slding (Aluminum & Steel) 109 _453

" TOTAL 11,760 7.338

A rotary shear on the second processing line will cut-and shred the feed materials
-praducing fragments which have a reduced size and can' be readily handied by cnnvenuonal
materials handling equipment. This line will process rebar, wood materials, metal siding, office
‘and laboratory equipment, conduit, pipe, tank, and equipment pieces. These materials will be
delivered by front-end loader at the rate of 40 tons per shift. A grapple on a bridge crane will
feed materials to the rotary shear. A manipulator will position unwieldy materials for optimunt:
shredding. The shredded material-will then be. delivered 1o the loadout bin. Ventllatmn and dust:.
control will also be pmvlded in this area.

The used personal protective equipment stored in drums comprises the third category.
Over a 10-year period of operations, used PPE will total approximately 5,000 cubic yards. (MKF
and JEG 1991b). The 5,000 cubic yards of drummed PPE will be compacted on the third
. processing line. Drums will be delivered t the crusher in front-end loaders and placed in the
compactor by a manipulator at the rate of 100 drums per shift. The manipulator will also
remove the compacted drums from the compactor, and the grapple on the bridge crane will pick
up the compacted drams and place them in the loadout bins, The compactor will also be
equipped with dust control and ventilation systems.

A fourth category of waste is- that for which treatment methods have not yet been
determined. These materials and their quantities are shown in Table 4-4. Of the total shown,
it is likely that an estimated 25,000 tons (14,500 yd® of this material will be processed by the
rotary shear. '
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- "TABLE 4-4 -Materials with vﬂiume-ﬂéducticn Method to be.Determined

Yolumea Walght

Material _ ¥ef* Tons
Friabla Asbeatos . 4,700 z,81%
Reofing, Siding, and Floorng 5,100 10,902
Quarry Bulk Metal ' 10,500 £9,460
‘Migesllanecus Equipimant 40,804 g,162
Structural Staal and Railroad Rails 1,100 7,545

TOTAL g2,200 28,098

In addition fo the estimated 4,700 cubic yards of friable asbestos, approximatety 5,100
cubic yards of roofing, siding, and flooring are also categorized as non-friable ACM. Large
-pieces’ of bulk metal, process equipment, structural steel, and railroad rails comprise the
remaining materials in this category. ‘Fhe preferred method of disposing of these items may e
to cut or shear them into conveniently sized pieces and.to place them directly in the disposal
cell. All' members less than 3/8 inch thick will be sheared to facilitate placement in the dmposa.l
cell, '

The total VRF feed volume is estimated o be 122,900 cubic yards, VRF operations will
produce three primary product forms:

s The product of the impact crusher will be minus 2-inch concrete and rock pieces. .

+ The rotary shear product will be irreguiarly shaped pieces of less than 6 inches
resulting from the shear’s shredding and tearing action. The major dimension of these
pieces will depend on the maierial being sheared; however, this material will.-be
teadily transportable by conventional material handling equipment. Debris, wood, and
siding would experience minimal volume reduction, while conduit, piping,. ductwork,
tanks, and equipment pieces would have an estimated volume reduction between 10%
and 47%. '

* The product of the compactor will be flattened drums that can be handled with a

manipulator and a grapple-equipped overhead crane. Volume reduction is estimated
to be between 10% and 5{)%
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-+ All process equipment and dust control equipment will reside.within the VRF building..
A preliminary equipment layout for the VRF is presented in Figure 4-3. The processed. material
will be deposited in concrete loading bins for retrieval with'a front-end leader. The equipment
required io operate the YRF is listed in Table 4-5.

TABLE 4-5 VRF Eguipment

Item Na. DoacHption Frica (%) Unit
001,001 A Frant-End Loader, 3.5-cu-yd buckat 125,004 each
o2 Elactratydraulia Shear 150 Hpl . R EERLL each
003 Elactrohydraulic Pubvenzar {100 Hp} 125,600 aach

Q04,005 Elactrehydravlic Manipulatars {& Hpl : o sach
v nl:) - Impact Cruzhar 1200 Hp - - 60,000 each
o007 Rotary Shear (200 Hpd : 278000 _weth
o0? . Compaator (10 Hp) © 3,000 each

008,008,010 Apron Fesdars {5 Hp} - - ) £2,400 - total

B b Bridge Crans, 5-ton cepacity = B0,000 aaoh
B2 Container Carder Car or Loading Bina 360,000 . aach
o014 Baghouse with L0, Fan, 30,000 ofm 175, KD sach

Q6 Final Fileors, 30,000 sfm ’ . Bnood - sech

| The principal means of dust control within the VRF puilding is a combined baghouse
with induced draft fan, followed by a final filter to capture any particles that pass through the
_bag house filter bags. Dust collection hoods wiil be positioned over each major piece of '
equipment and each material transfer pmnt In addition, the building will have general
ventilation hoods that will control any dust that escapes the process equipment heods. The
detailed design of the facility will include the option of using a dust.suppressant if the ventilation
 system does not completely capture dust. Fog spray will be supplied to control dust during
front-end loader operations and during retrieval from loading bins for on-site disposal. Material
collected from the emission control devices will be transported to the on-site treatmeént facility.

~ Individual hearing protéction will be used in the vicioity of the impact crusher. Use of -
individual respirators will be required in the vicinity of he shear, pulverizer, and impact.
crusher. Personnel entering the building will be attired in Level C personal protective
equipment. Operation of the volume reduction facility wiil require an 8-man crew consisting. -
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of a supervisor, equipment operators, 4 laborer, and ‘maintenance personnel. The plant will
operate over a 162 work week perid.

4.2.4 Metals Decontamination

Certain metals may be decontaminated by conventional methods in association with VRF
operations. This engineering evaluation assumes that metals decontamination will be an integral
part of the VRF or will be supported directly by VRF operations. However, if a VRF is not
constructed, sizing and decontamination activities may be performed within ceriain storage areas
as. required. The extent and location of decontasnination activities are being studied.
Decontamination of meials has not been included within the. alternatives being considered.

Studies (JEG. 1992b) have examined hydrolasing, liquid abrasive blasting, and metal.
melting decontamination technnlugles as alternatives for the treatment of structural steel, all
categories of steel, and concrete. slabs. Preliminary cost estimates were developed for these
- tachnolegies and are-listed in Table 4-6. The technologies are described in detail in. Section 3
. of the Engineering Ami}rm of Remedial Action Alternatives, Phase I (MKF and JEG 19923)

TABLE 4-6 Cost Estimate of Decontamination

LU METAL METAL

ABRASIVE . MELTING ' MELTING
HYDROLASING BLASTING STRUCTURAL STEEL) (ALL STEEL}
Capital ND 4$578,000 35,174,000 47,200,000
Labar ND $688.000 © 44,785,000 . $13,200,000
Operation & ND 478,000 L savsoon 45,500,000
Mmintwranos - ' :
Operating . ND : Alw - . ~ 1.5yr 315y
Time .
Prazunt Weorth
Diagount Rate . '
O @Oo% ND . $1,324,000 £10,437,000 : 425,900,000
Cluantity of
Material .
Dacantaminatad NG 7.257 tons 7.257 tons 54,330 tons
Unit Cost  ND $182/ton $1,438/ton : $307 Aton

HD = Ho-data,
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Implementation of decontamination technologies must meet .surface contamination
guidelines for release of surficially contaminated materiat for unrestricted use as pmwded in
DOE Order 5400.5, Radiation Protection of the Public and the Environment. The order states
that prior to being released, sile materials shall be surveyed to determine whether both
removable and tota! surface contamination (including contamination present on and under any
coating}) is greater than maximum specified levels (shown in Table 4-7). The order also states
that contaminant removal complies with the requirements of the ALARA process.

T_ABLE 4-7 Surface Contamination Guidelines

ALLOWARLE TOTAL RESIDUAL SURFACE CONTAMINATION
dpm/100 eml}

-Radionuclides Ausreage Masrmuim ' " Remowvable

Transuranics, -12%5, 1-129, Ha-izﬁ, Reserved . Resarvad RAeserved
Ac-227, Ra-228, Th-228, Th-230, Pe-231

Th-Natural, Sr-38, 1126, k131, 1,000 3,000 : 200
I-132, Ra-223, Re-224, U-232, Th-232 .

U-Hetural, Y-285, U238 and azsosiated : 5,000 . 15,000 1,000
decoy product, elpha amitters .

Beta-gamma amittars (radlonuclides &,000 : 15,000 1,000
with dacay modes othar than sipha

smkasion ar spontaneous figsion)

sxaapt 5r-30 and others noted above

Sourcer " DOEQrter $400.5, Radistion Frofection of tie Fublic artd tha Envienmsnt .

1}

(2)

i

R

=

(&}

Ag uesd in thie table, dpm {disintegrations per minate) raana the rats of emission by redionctiva material ‘as determined
by correcting the counts per minute measurad by an appropriate detector for background, efficlency, and geometric factora

sazociated with the instrumentation. \ ’

Where surface oermtamination by bath alpha- and beta-gemma-emitting radiomclidas exist, the limits setabllabad far aloha-

snd beta-gamma-emitting redionudlidas should apply independantiy. '

Meseursmenis of average contamination should nat ba sveraged over an area of more than 1 cubic meter. For objects
of lees surtace area, the average shoukd he derived for sach sush objeat.

The average and meximum dote rates assoolated with surfece contarnination resulting from bete-garnma smitisra ahaould
not excesd 0,2 mradih and 1.0 mrad/h, respectively, at 1 cantimetar;

The maximam cantamination level applles to an area of not mare than 100 cuble meters.
The emount of removable matersl par 100 aquare aentimeters of surface vrea should ba datermined by wiping en area

of that size with dry filter or goft absarkent papar, applying moderate preseurs, and meaauring tha amount of radicactive
matarial on the wiping with an appmprlm instrumsnt of known efficleancy. Whan removable oontamination on ubjacts
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TABLE 4-7

Surface Contamination Guidelines {Continued)

of surface arsa loss than 100 gqusrs cantimaters is datermined, the activity per unit ares should be bassd o the satusl
area ond the sntirs surface should bs wiped. It is not neossesry to Ues wiping techniquas to measure removalle

" pontamination levels it direct zean surveys indicate thet the total residual surtaca contarination lovela are within the limits
for removable contamination. -

{#1  This category of radionuclides includes mixsd fizsian products, including the 3r-30 which is presant In themn, It doas not
' apply 1o Sr-80 which has besn separeted from the ather fissicn products or mixtures whera tha 5r-80 has been enrichad.

Possibly 5% of the structural steel in the conaminated site buildings (Table 4-8) could
be released without decontamination. Separation of uncontaminated scrap metal from the
contaminated material would require screening and hand sorting. Because of the added expense
of screening and sorting, a partial off-site release of this material (without decontamination)
. wonld: cost -about 30% more than disposal in-an on-site cell, These costs include demolition,
hauling cell construction, placement in the cell, and scrap value. - More importantly, the
increased risks to workers handling potentially contaminated material must be weighed against
" the advantages of volume reduction and potential recycling: A maximum of 90% of the
structural steel may be amenable to decontamination. Based upon 933 cubic yards (6,500 tons),
. decontamination by ‘abrasive-blasting would require about 2,75 years. and cost approximately
$1,183,000 excluding the costs of testing for release.

' TABLE 4-8

Structural Steel Inventory of Contaminated Buitdings

fullding : Co Tons
101 Fasd preparation and sempling plant o ‘578
103 Digestien and denitration ) ’ 875
104  Lima storaga 22
10% TBF and sthar exiraction . .1uy |
106 Proof esmplet ) 1
108  Mitric wekd recovery ) 20
201 Green ealt plant 1,287
301 Matala plant : 1,300
40% Chamical pifot plant : 200
406 Warshauge 27
407 Laboratery 282
417 Paint ghop 18
421 Proof samplar . i
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TABLE 4:8 Structural Steel Inventory of Contaminated Buildings (Continued)

Building ' : Tens
432 Proof gamplar . 1
434 Siorage ’ : ' T0
202 Greon calt tenk farm 34
404 Motwllurgical plant . 178
Others L - 1,718

TOTAL 72682

4.2.5 Chemical Stabilization _

“This alternative is based on the assumption that the volumes and tonnages of waste mediz
shown in Table 4-9 will requite treatment by CSS technology as described in the feasibility
study, This alternative focuses on treatment of the raffinate sladges, raffinate pit clay bottom, -
quarry soils, water treatment plant residues, and solid process chemicals. These materials will
be processed separately and disposed of in an on-site disposal cell. | -

TABLE 4-9 Woaste Media to be Treated by CSS Technology .

. . Valure Tonnege . Moletura
Madig ' bark vd*) {sheri tang] Contént % Dry Tons

RuMinats Sudgs 220,000 ap3 200 lat 73 80,000
Raffinate Pit Botiom Soil 50,000 78,000 B 20 60,800
» Quarey Soils " B0,000 78000 B 20 60,800
- Watar Trantment Plant Residuss 3,800 a,a00 fo} C 73 a18
Solid Process Chamicals 28 23 idi ] 13 -]
TOTAL 323,828 377,623 182,524

ta) Ranalty aguela 1.07 tans/BCY
) Dongity equels 1.52 tans/BLY
5 pansity squals 0.94 tons/yd®
fd) Danzity equels 0.82 tona/yd?
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-Studies performed by Gilliam and: Francis (198%) concluded that CSS treatment using a
cemenu'ﬂy ash mixture at a specified waste blend ratio in.a pug mill mixer can solidify and
stabilize the waste media sufficiently to. meet project objectives. ~This conclusion is also
supported by more recent studies perfurmed by Waste Technologies Group (WTG 1992).
Gilliam and Francis (1989) emphasized the CSS treatment of essentlally undewatered raffinate. .
Therefore, this alternative also assumes that the raffinate sludge is not dewatered prior to reagent
addition. Conditions for the proper use of the cement/fly ash- mixture proposed by Giliiam and
Francis will be extrapolated to allow appropriaie solidification/stabilization of relatively drier
raffinate pit bottom material and quarry soils. Treatment of the waste materials presented in
Table 4-9 will produce the following quantity.of CSS product:

: Averagel®)
. Volume Tonnage Deuosity
Media _ (fill yd*) {shozt tons) (calculated)
C55 Product A7 200 619,400 1.45 tonsfBCY

@ Density of the C5S grout and soil-cement materials ranged from 1.22 to 2.03-
' tons/BCY. : '

These values assume a 32% volume increase, as noted by Gilliam and Francis (1989),
and account for the approximately 64%-by weight increase due to reagent and water.addition.-

4.2.5.1 Site Preparation. The CSS plant will be located in the flat area along the
southeast corner of Raffinate Pit 3 immediately north of the TSA. An area approximately 430
feet by 10O feet has been designated as the. site of the CSS facility, This area will be cleared
and . graded prior to excavating plant foundations and installing utilities, which will occur
.concurrently with the:delivery of mechanical equipment. -Mechanical installation wilt follow the -
completion of the plant foundations. A 40-foot by 60-foot building will house the pug mill and
control system devices. The surrounding area will be gravel surfaced to facilitate ease of access
for maintaining delivery of reagent materials and transport of material to and fmm the plant.
Equipment used for road construction and other site construciion activities will be nsed to
prepare the CSS piant location, | |

4.2.5.2 Plant Operations. Raffinate sludge wilt be introduced, as a dredged sturry, into
the raffinate holding tank. A supernatant discharge line will refurn decanted water to-the
raffinate pits by gravity feed to minimize introduction of additional water to the CSS plant and
to return excess water to the raffinate pit to assist in maintaining a sufficient water depth for
dredging operations. Pumped raffinate will be metered to the'pug mill at the rate of 73 tons per
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hour. Cement will simultaneously be introduced to a screw feeder at the rate of 17 tons per
hour along with 26 tons per hour of fly ash. Thorough mixing of the reagents will occer during
transportation by the screw conveyor, obviating the need for a separate blender. The reagents
and raffinate will be fed into a pug mill, which has a design capacity of 140 tons per hour (13%
above required throughput), producing approximately 120 tons per hour of a prout-like CSS
product. A positive displacement pump will transfer the grout 10 a CSS waste hopper. The
grout will be discharged into trucks for transport to the disposal facility. The grout is expected
to achieve initial sef in one day and final set within seven days. '

Raffinate pit clay bottom and quarry soils will be transferred from the TSA to the CSS
facility by a CAT 966E front-end loader with a 5-cubic-yard general purpose bucket. This size
loader can easily provide the requlred 73 tons per hour of waste and can be nsed for other site
activities., Twelve front-end loader cy-::les per hour are required. The foilowing discussion
. presenis a worst-case transport scenario in that it assumes that no material trucked from the
. raffinate pits is fed into the CSS plant. Future planning will optimize direct. placement of the

raffinate pit bottom soils in the plant feed hopper. Under this scenario, however, this material
‘i transported 1o the TSA and subsequently hauled to the CSS plant with.a 966E wheel front-end
loader. This vehicie.can transpori about 6.4 tons per trip. Therefore, about 23,750 trips will
be required to transport 76,000 tons of quarry soil and 76,000 tons of raffinate clay. botiom
.. miaterial,. ‘The-average one-way haul distance from the TSA to.the CSS plant is-about 600 feet
The continual availability of quarry soils at the TSA greatly enhances plant operation because
quarry soils can be processed whenever raffinate slu{ige or raffinate pit clay bottom is
unavailable, ' - :

. Material will be. directly dumped from the 966E loader or haul trucks into the plant feed -
 system through a truck durnp gnzziy hopper. Clay and quarry soil will be transferred from the
truck dump hopper onto an apron feeder. Large rocks (+12 inch) and cobbles (+1 inch) in the
quarry soils will be removed by a grizzly and a vibrating screen, respecuvely, prior to CSS
treatment. These oversized materials will be directly transported to the disposal cel! and encased
by a subsequent pour of C$S-generated grout. This alternative assumes that only minimal
_oversized waste exists. The plant production capacity is sized. for zero percent removal of rocks
and cobbles from the quarry soils, Oversized fragments are assumed not to exist within the
raffinate sludge and raffinate pit bottom soil. ' '

To ensure full hydration of the cement, water will be added at the rate of approximately
28 gallons per minute to the raffinate bottom and quarry soils. A water treatment feed stream
or direct pumping from efffuent ponds can maintain the 10% by weight hydration water demand.
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- To -minimize dust -generation, ‘water will be’ introduced 4s a-spray.at-the vibrating screen.

Minus-1-inch soii and clay will ther be screw-fed to the pug mill to be mixed with cement and
.fiy-ash. The CSS product will then. be pumped to the CSS waste hopper to await truck
. transport. The resulting soil-cement mixture will be agitated within the hopper to prevent
settinig. Setting will not occur during the short haul to the disposal cell. The soil-like product

is expected to be drier than the grout-like material pmduwd from stabitized raffinate.

There is no plan to mtentmnaliy process mietal debris or organic debris using CSS
technology. However, the process feed material, particutarly the quarry soils, will likely contain
some quantitatively minor metal debris in the form of nails;. bolts, etc.’ Organic material inthe
form of branches, twigs, and roots also is likely. Most of the stray nietal and woody debris will
be screened by the CSS plant grizzly (+ 12 inch) and vibsating screen [+1 inch); other visible
large fragments will be hand-removed from the sm{:kpila -The minor debris which passes the
sizing screens will not adversely affect the CSS-product. Wood-picking devices and a tramp
- metal magnet,.for removal of iron. fragments, can easily and quickly be retrefitted to the CS3

facility, if necessary. ' | -

The plant will be eguipped with. « water washdﬂwn system. Washdowns will occur. daily

at the end of the shift. Approximately.5 gallons per- minute of washwater used.ever a'I-hour .

period will be used to accomplish the washdown. Laborers® schedules will be designed to aljpw

the oné-hour washdown to-be- performad on a non-overtime basis. Washwater will be routed
" to sumps for recycling back to the CSS system. Sediment will be periodically removed from -
the sumps by small tractor-mounted backhoes and routed to the CSS plant soil feed system

The CS$ plant will use computer-assisted mﬂmmnng of the eguipment. to facilitate
- operations. “Efficient useof scheduled uptime will be optimized by conducting routine prevenhva
maintenance activities during lunch periods and after shift completion., Major repairs and
replacements will also be performed during off hours. The significant amount -of off-shift
scheduled downtime will allow a 90% operating efficiency. Operator and maintenance personnel
schedules will be adjusted to atlow after-operating-shift activities to be performed on a non-
gvertime basis. ' '

As described in this scenario, an estimated 3.5 general laborers will be required to
operate the CSS facility. Automated and computerized feed control systems minimizé the
required labor force. Adequate industrial work experience will be required; however,
specialized, formal training is not necessary. An estimated 2.5 maintenance personnel are
required to repair and maintain the equipment. Journeyman-level machine repairman,
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- millwright, eleetrician, and -plumberspecialties are. required. . One. and one-half: equivalent
supervisors, 1.25 laboratory, and 1.5 administrative employees will also be required for plant
gperation. These employees will have adequate industrial experience. All employees involved

" with actual plant operation will be required to complete a 40-hour OSHA-approved training class
(20 CFR 1910.120). : ' ' '

Dust mitigating measures will include several control methods. Feed material stored at
the TSA: {guarry soils and raffinate pit ¢lay bottom material} will be covered by tarps and wetted
prior to loading and transport to-the CSS plant. The haul roads will be kept wet to prevem dust
generation during transportation of the waste to the CSS plant and during delivery of cement and
additives to the storage silos. 'To further minimize the generation of dust, grinding of oversized
(+1 inch) material wilt not be performed. The plus-1-inch materia) will removed by a 12-inch
grizzly at the truck dump and by a l-inch wet screen, These fragments will be directly .
. transported, along a wetted haul route, io the disposal cell for encapsulation by subsequent CSS .
‘. - grout placement, Water required to complete cementitious hydration reactions will be added as
a spray at the vibrating screen, as previously discussed, to minimize dust generation. In '
addition, raffinate will be delivered and maintained in slurry form until reagents are added in
the pug mill. The reagents will be delivered in sealed tankers and pneymatically transferred fo
. baghouse-equipped silos. Reagentand product transport will also be by sealed screw conveyor-

An-estimated 408 horsepower of electricity-driven motors, drawing about 306 kilowats,
-will be required to operate the CSS plant. A CAT 966E wheel front-end loader wili consume
about 66 gallons of diesel per day during feeding of the quarry soit from the TSA to the C3§
. plant. R

4.2.5.3 ‘Plant Operating Schedule. The CSS operating schedule is based on the use
of a 140-ton-per-hour design throughput pug mill to process ail treatable media within 4.5 years
(120 tons per hour). This schedule assumes operation at 6.5 hours per day, 20 days per month; -
and 9 months per year, The plant is sized to inctude an over-capacity production rate of 15%
above the required throughput fo allow for mechanical down time. !

During the 4.5-year processing operation, an estimated 427,200 cubic yards of stabilized
material will be hauled from the siudge stabilizition holding bins to the disposal cell. This
activity will be performed over a period of 159 work weeks at an average rate of 67.2 cubic -
yards per hour, based upon an 8-hour average. An 8-man crew will use five 10-cubic-yard haul
trucks, a water truck (half time}, a grader (quarter time), and a Case 580 loader (quarter time).

‘Mechanical availability is assumed to be 90%.
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After final design and construction of the CSS- plant, a minimum of 3 to 4 months will -
be required to bring the system on line, During the start-up phase, the majority of the required
. adjustments to-the equipment and processing technology wiil be identified. Equipment such as
the screw conveyors, blenders, and pug mill will likely require the most adjustment.

4.2.5.4 Equipment Costs. The estimated capital cost of the equipment required for the
CSS treatment process previously described is listed in Section 9.2.

The installed cost of this equipment is estimated to be appfoxinmt&ly $3,100,000. With
bench-scale and pllﬂt-scaia testmg, estimated at $2,100,000, the total p‘:ant cost i8 estimated to
be $5,200,000.

4.2.5.5 Mixture Requirements. The alternatives for the optimum cement/fly ash blend
and reagent/raffinate mixing ratio will be narrowed down during pilot studies, -and the final
- blending ratio-will-be determined. during a foll-scale run. Pretesting the raffinate sludges will
determine the effects of particle size and chemical variation on the CSS process. The variation
in water content in the raffinate and soils will likely present the greatest problem. Processing
performance efficiency will be maxlmlzad during the 3- to 4-month initial start-up an{i operation
of the systr.m

Gilliam and Francis (1989) recommended the addition of 40 wt.% Type II Portland
cement and 60 wi.% ASTM Class F fly ash at a ratio of 0.6:1, dry-solids blend per unit of
raffinate sludge. A 32% volume increase, as well as a 64 % weight increase, was noted in the
stabilized media. Formation of eftringite, a hydrated. calcium- aluminosulfate mineral,
necessitates. the use of the selected reagents and prevents the use.of Type 1 Porttand cement or
ASTM Ciass C fly-ash. .The fly ash-acts as-a bulking agent and increases viscosity, preventing
phase separation during setting, and also acis as a pozzolan (Conner 1990). Substituting fly ash
for a portion of the cement results ina reduction in costs. However, this substitution aliso results
in a larger volume and greater weight than with Portland cement alone.

Analysis of the reagent blend recommended by Gilliam and Francis (1989) reveals the
initial CSS product has a very high water-to-cement ratio. Assuming 20% of the raffinate water
would be unavailable for cementitious hydration reactions, a water-to-cement ratio-of 2.2 is '
caiculated. Normal water-to-cement ratios range from about 0.4 to 0.5. This suggests a
significant amount of raffinate water could be removed without inhibiting complete cementitious
mineral hydration, Approximately 30% moisturein the treatable media-would be required, using

the above reagent Tecipe, to fully hydrate the cement, Since about 10%, by weight, water will -
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need to be added to aliow full hydration of cement/fly ash/soil mixture, blending of undewatered
raffinate and relatively dry soils may be optimal. For the purposes of this alternative, separate
raffinaie sludge and soil processing is presumed.

Based on the operating conditions and project duration information cited above, the
following reagent consumption quantities and rates are estimated:

Totai Cement 91,000 tons
112 tons per day
17 tons per hour

Total Fly ash © 136,000 tons
170 tons per day
26 tans per hour

- Total Water 15,004 tons
10,200 gailons per day during soil processing
28 gallons per minute during soil processing

A 5-day supply of cement (360 tons).and fly ash (850 tons) will be availahi«e. on site o
prevent -operational shutdowns caused by periodically defayed. reagent deliveries. . ‘Eherefore,

< - approximately: 600 tons of cement and 900 tons of fly ash inventory will be. mammed Due

to the low density of fly ash, approximately 60,000 cubic feet of storage silo volume is requlred

Assuming that tanker trucks carry an average of 25 tons per trip, 5 tankers of cement and
7 tankers of fly ash will need to be delivered daily during operations. Te minimize quening of

.. tankers, a-pneumatic transfer system will be designed to empty a cement tanker within about 75

minutes and a fly ash tanker within about 453 minutes fo supply the quantities'of reagents
necessary for a 7.5-prnﬂuctiv¢-haur day. As Level C personal protective equipment is not
required for transfer system operators, reagent delivery is assumed to be performed more
efficiently than plant operation (7.5 productive houss versus 6.5 productive hours). Supplies of
cement and fty ash are available from local suppliers within 25 to- 100 miles of the Weidon
Spring site.

Reagent delivery tanker trucks will enter and depart via the southern entrance to the - -

Weldon Spring site. Trucks will drive around the northern end of raffinate pits 1 and 2 along
about 400 feet of newly constructed road to the CSS facility. A tire washdown is presumed to -
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be the maximum decontamination req@ired prior to trucks departing the site. Maintaining a
- clean road system will eliminate the need for any additional decontamination efforts.

Chemically solidified/stabilized raffinate sludge will set. within one day to form a
monolithic concrete-like product kaving a density of approximately 1.22 tons per bank cubic '
yard. Relatively dry (20% moisture content) soil treated by the addition of 60% Class F. fly ash
and 40% Type 11 Portland cement, at a 0. 6 to 1 reagent to waste blend with 10% added water

_to complete cementitious hydration reactions, would form a drier soil-cement material that could
be placed into compacted lifts, This material would have a density. of about 2.03 tons per bank
cubic yard and could be effectively compacted using conventional compacting equipment. . '

The CSS$-treated product must have a 28-day unconfined compressive strength (UCS)
greater than 50 psi, which is necessary to support the lithostatic pressure of overlying waste o
. prevent disposal cell cover failure. The data of Gilliam and Francis (198%) demonstraie that.
- 08S-treated raffinate exhibits several-times the minimum compressive strength, with UCS values
in the hundreds of psi. Even with the presence of potential set-inhibiting compounds in the-
Weldon Spring waste, continuous production of adequately strong CSS product can likely be
maintained. '

. 42.5.6 Testing Product. The CSS product for the Weldon Spring wastes-will be
required to pass TCLP criteria. Based on limited TCLP (WTG 1992) and RCRA characteristic
testing results (BNI 1986), the raffinate sludge is not likely to fail toxicity charactenstlc
regulatory levels in additional TCLP tests.

.Stabilizatian..testing performed by Waste Technologies Group (WTG 1992) and Gilliam
and Francis (1989) have shown that ﬂy' ash and cement can successfﬁlly stabilize raffinate sludge
and contaminated soil.  Contaminant spiked sludge stabilized both in grout form (sludge and
binder) and soil-like form (sludge, soil, and binder) passed TCLP tests for metals by an order
of magnitude as well as selected organics (including 2-4 DNT stabilized at the highest
concentration level found in quarry soils). WTG stabilized giout also provided ANS 16.1 leach -
indexes of 14 and 15, and unconfined compressive strengths.of 125 to 335 psi.

WTG sludge testing has resulted in selection of appropriate floccuiants to be used in
conjunction with dredging the sludges. Additional stabilization testing has been performed on.
site and is also being planned to determine the impact of the flocculants. and further optimize the
stabilization treatment process mixture, More definitive characterization of the raffinate sludges
will also continue. :
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During operations, the CSS material will be routinely. sampled as it is produced. The
sample will be compared to established testing criteria. Because placement of the unset CSS
material in the cell is expected to-be acceptable, this material will be taken to the disposal cell,
If a sample shouid fail, the process system will be immediately modified to produce an
acceptable product for subsequent batches. However, placed material represented by the failed -
sample will not be removed from the cell, The treatment process operating parameters will need
to be optimized during pilot testing. The treated pmduc_f produced during start-up testing will
need to consistently pass the disposal criteria before full-scale operation can begin. The
frequency of testing required to assure product quality will'be established during start-up testing.

It is anticipated that laachate derived from the CSS-treated media will be :r.trn:m,gl},r :
alkaline, with pH values of 9 to 12 likely. The alkaline conditions are caused by laachate'
reactions with free lime in the CSS product. The exothermic hydration reaction could. cause
leachate temperatures to reach 150°F (Mindess and Young 1980). -

. Although cement and fly ash have limited ion exchange capacities (Conner 1990) and .
limited adsorptive capacity, the deliberate addition of ion exchange materials to the CS3S
formulation is not presently ptanned.. However, the-atkaline pH conditions cavsed by the CSS.
reagents will induce precipitation of ferric, manganese, and aluminum hydroxides, whick: can

© ¢ adsorb heavy metals; . Cement. and fly -ash. also-do.not- cantain’ redox- reactive .constituents,

‘However, addition of oxygenated water to CSS freated soils and raffinate pit clay bottom will
result in an increase in the oxidation state of the CS$ treated media, Consequently, the redox
condition of the CSS-treated product will likety be govemed by the ferric/ferrous coupie..

4,2.5.7 Qperational Uncertainties. The few operational uncertainties associated with
~ this altamatife are primarily related to the effectiveness of the assumed grout mixtures. As the
mechanical components for the CSS process are well tested, operation of the plant equipment
should be straightforward, It is presumed that an nptlmall},r designed operation will include

equipment sized to complete each unit process with minimal potential for bottlenecking the =

overall operational throughput. Production constraints should be anticipated in the design and
should result in minimal cost impacts; this translates info a policy of not allowing the
productivity of the "high cost” equipment and unit processes to be limited by other activities.
For example, the CSS plant operation should not be constrained by excavation capacity to the

plant nor by removal of CSS product from the plant. It is more cost effective to have a single ~

idling truck waiting for CSS grout to be produced than it is to shut down the entire CSS plant
because transport trucks are unavaitable to haul the grout to the disposat cell, Once an operation
- -is optimally- sized, changes in one unit process must be assessed relative to the potential impact
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. on -other activities. . A :well- functioning operation is ‘not- routinely .aliered, particularly an
operation that will fun only a few yéars, as will the prupased CSS plant. During design, the
CSS plant should be sized to complete activities within the scheduled time frame. Excavation,
grout transport, and disposal cell construction equipment and fieet size should then be scaled to
fit the CSS plant feed requirements and production capacities.- '

" It is possible that CSS treatment plant throughput, as discussed in this submittal, could
be increased; pug mills have design capacities of up to 200 tons per hour. Use of a larger

system could decrease processing ‘time to about 3 years. Working multiple shifis on a -

continuous basis could also reduce the processing duration. The throughput capacity of a CSS
plant could be easily designed to process any reasonable praposed excavation rate; the duration
of remedial activities will not be constrained by the: €SS plant throughput limitations. It is
anticipated that appmxxmatal}r 36 months will be reqmred for bench-scale and pﬂc:-t—scale testing, .
design, cnnstrur:tmn and start-up.

Assumptions established for design and operation of a CSS plant must be verified by
further bench- and pilot-scale testing. Pretreagment .of- the feed will also be investigated to
optimize. the effectiveness of the CSS process  prior to full-scaie plant - design. - System
components will also be optimized: through -pilot or pre-operational testing. - - Variations in the
reagent blend will be established to-allow alteration of grout setting times with. accelerators and
inhibitors. Water ‘content contral-and the use of bentonite and chemical reagents such as ion
exchange resins will be defined to enhance contaminant immobilization.

4.2.6 On-Site Disposal .

. The on-site disposal cell will-be designed to contain the current baseline estimate of
 approximately 1.25 milion in-place {placed and/or compacted in the cell) cubic yards of wastes.
The preconceptual design for this disposal cell will incorporate features used in disposal cells
“for uranium mill tailings (Uranium Mill Tailings Remedial Action Program) and chemically .
" hazardous waste, - This "combination™ disposal cell will include a cover system with an-
infiltration/radon barrier and leachate collection and removal systems.

4.2.6.1 Waste Volumes, The wastes for disposal will consist of 470,000 cubic yards -
of chemically stabilized waste, 534,000 cubsic yards of soil-like waste, and 246,000 cubic yards
of rubble from the quarry excavation and chemical plant buildings demolition (@ 10%
contingency is included in each of the above in-place quantides). The total volume for ail
wastes is approximately 1,027,000 cubic yards (MKF and JEG 1991b}. With the additional
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volume due to the addition of reagents'dhring (S5 treatment, the total in-place waste quantity
will be 1,131,000 cubic yards. A cunﬁngency factor of 10% was assumed for sizing of the
disposal cetl, resulting in a design waste containment capacity of 1,250,000 cubic yards (rounded
up). However, in order to ensure sufficient capacity to accommodate uncertainties as well as
potential additional wastes from the quarry residuals, Femme Osage Slough, and the- Snutheast '
Drainage, the actual contingency factor may be higher (10%-50%).

Approximately 224,00( -::L'ibic._ yards of rubble will include various mmhj]mtidrgs of
concrete, wood, metal, and other miscellaneous by-products, mainly from quarry excavation and
chemical plant building demolition and distmantling operations. [t is assymed that all building
dismantling activities within the chemical plant area will occur prior to the construction of the-
cell, and that the resuliing rubble will be stored at the MSA and undergo size reduction. prior
to transfer to the cell for placement. It is also assumed that the maximym dimension of rubble
to be placed will be limited to 8 feet by 8 feet by 18 inches. Such material can easily be loaded
. and transporied using ordinary on-site equipment and haul trucks. Placement of approximately
* 2037000 cibic yards of rubble will be.required in conjunction with remediation of the chemical .
plant area operable unit. Approximately 21,000 cubic yards of material from the quarry and
other waste sources will be subsequently placed in the cell.

The soil-like waste will result primarily from excavation of contaminated soil, chipping
 of organic materials; road:surface réclamation; and the removal of water control structures from
‘the chemical plant area and the quarry. Approximately 479,000 bank cubie yards will: be -
produced from all sources. Quarry bulk waste and raffinate pit clay bottom material wiil be
storeqd at the TSA, while other site wastes will be stored in the MSA', the Ash Pond spoils pile,
the mulch pile or will be transported directly to the disposal cell. Approximately 377,000 cubic
.yards- of - this. material. from the chemical plant area opea‘ab]e unit will require plauement in the
celt.

4.2.6.2 Cell Design. A preconceptual layout of the combination disposal cell, developed
in the siting study report (MKES 1991}, is shown in- Figure 4-4, A schematic section of a
proposed combination cell as a prototype for the Weldon Spring' site is shown in Figure 4-5.
The wastes will be encapsulated in the cell by a double liner/leachate collection system.

The preconceptual design for the bottom liners and leachate collection system consists
of ¢in descending order from the waste contact) a filter zone, an LCRS, an upper flexible
membrane liner (FML}, an second LCRS, and a botiom coniposite liner containing an FML and
a compacted clay layer. The leachate collection system will be drained by perforated collection
drain pipes to manholes or sumps immediately outside of the cell perimeter.
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The preconceptual design for the cover on the top slopes of the cell embankment Consists
of {ir: ascending order from the waste contact) an infiltration/radon attenuation barrier, an FML,
- -afilter-protected drain layer, a frost protection/bedding iayer, and an erosion protedﬁon {riprap}
layer to be choked with topsoil and fine-grained soil to support grass growth. Similarly, the
side siope cover will consist of an infiltration/radon atteauation barrier, a frost-protection Iayer,
an FML, a filter bedding layer, and an erosion protection (riprap) layer to be choked with
topsoil and fine-grained soil to support grass growth, Alternative cell designs may include the
vse of a clean fill dike encapsulation system. : '

~An estimate of the quantltles reqmred to construct each cell component is shown in Table -
4-10. The guantities are based on a cell with a waste capacity of approximately 1.25 million
cubic yards. All encapsulated soils and wastes, with the e.xceptmn uf CSS waste and grouted
rubble, will be compacted.

: The work.described in the fullmvmg paragraphs is dependent upon the rate that treated
and untreated contaminated materials (wastes) are made available for placement in the.cell.
~ Approximately 1,007,000 cubic yards of wastes from the Weldon Spring site will be placed in
approximately five years. The complete cell will be constructed in about 6.5 years. This
extended construction schedule and certain- sequencing requirements are the reasons. for the low
- rates of material placement and the:small equipment sizes used. The crew for each acuwty
generally consists of the equipment operators, one foreman, and a-helper.

Wind-blown particulates from the fine-grained materials involved in construction and
waste placement will be controlled. through dust suppression methods. . Periodic spraying with:
water and/or dust suppressants will be used to control windblown matter while the celi is being
- .constructed. When a-section. of the radon/infiltration barrier is completed, the surface will be
sealed with a steel-wheeled roller, and if it is to be left unatiended for a period of a month or
more, a more permanent control measure, such as placing a flexible membrane over the fine-
grained materals, may be used. Another means to minimize transport of contaminated
particulates to the environment is by placing clean cover material on a selected side of the cell
as the waste material is being placed and by encapsulating the cell phases as they are compieted.

Raden gas will be emitted from the fine-grained waste material placed in the cell.

Radioactive emissions in the zir will be monitored during construction.and operation of the. -

 disposal facility. If excessive radon gas levels are reached, as discussed in previous sections,
engineering controls will be implemented to minimize public and worker exposure,
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“TABLE 4-10 Estimated -ﬂuémities - far \arious .Earthﬂﬁnrk_ Compoanents - for
Combination Cell

1. Woatnr o b relocated Sail=iike Waste 475,000 pd?
(Bank Volutosl CS5 Wasta ’ 324,000 i
Rubble 224,000 yd"

Totsh . - 1,027,000 yd

2. Wantes Placad Jn Cell Soil-like YWaats ’ B34 000  yd"
lincluding 10% €355 Wasta © 470,000  ydt
cantingency factor] Hubhls 248,000 it

. Total . ' 1,250,000 - ywd*

3. Call Capacity Cornbination Call 1,250,000  wd?
4. Foundation . © Area 200,000  yd?
Excavtion a 150,000  wi*

Fill 160,000 wd*

a-foot Clay Liner 200,000 wd*

FML . 200,000  yd?

1-foot LCRS" 67,000 yd*

FML : 200,000 yd?

1-foot LCRS ' 87,000 v

E-inch Flter i3.000 wd*

E-inch Dia. Pipa 18,400 lipeal 1t

128-ft? Concrets Sump . 47  Linit

5. Top lopa 4fort Clay Cover - 27,000 it
C FML ) . 0000 ydt

&-inch Filter R ' 3000 ydr

. 1-Foat Drain 7.000  yd*

-B-imok: Filter A.000 it

2-toot Erost Protection Layar 14,000 yd*

1-foot Choka Rock Layar F.000  wi®

6. Slde Slape 4-fopt Clay Cover © 241,000 yd*
’ : . 3-fact Frast Protection Layer TOET000  yd”

FML 181,000  yd®

&-irnch Fllter 20,000  wd?

“1-foot Riprap : . 60,000 wdl?

G-inch Cheka Aack . wno0a  wd®

7. Tot™ Cell Cover Area - . ° . ] .- . 01,000 yd®

4.2.6.3 Construction Sequencing. The disposal faciliiy will be constructed in three
phases, with two phases periodically overlapping. The area of construction for each phase will
be approximately one-third of the cell area, divided equalty in the longitudinal direction from
south to north. |

At the current projected rate of waste placement, each construction phase will last

approximately three consecutive construction seasons with a 6.5-year period Tequired for
. construction of the entire cell. Figure 4-4 illustrates the preconceptual disposal cell design. The .
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- - first phase.of €&}l construction will- start along. the southern edge {the.shortest side) and proceed
in a northerly direction to approximately one-third of the leagth of the cell. The second phase

- will start where the first phase was terminated and occupy the middle one-third portidn of the

‘cell, The Phase 3 area will occupy the Temaining one-third of the cell, i.e., the northern
portion. : ' '

Construction activities will start w:th foundation grading to-an estimated 6 feet below
ground surface, and construction of the composite liner and double LCRS in the Phase 1 area
(Figure 4-4). After these activities are completed, placement of treated waste material within
the Phase 1 area will begin. = At this time, foundation grading and construction of the double
LCRS in the Phase 2 area wilt also begin. Waste placement in the Phase 1 area will be topped
off to the maximum designed cell height (74 feet minus cover thickness) before Phase 2 waste
placcment begins. Construction activities for Phase 3 will hegm when the Phase 1 wastes are
enciosed within the.radon barrier. The purpose of this consiruction sequencing. methodology is

- o limiit the disturbed cell area to only two-thirds of the entire cell at any time. The vse of this -
methodology wilt allow less exposure of the wastes to the environment and less rainfall runoff
- for retention pond collection and possible water treatment prior to refease to. the environmens,
Separation between the phase:s will be assured through the construction of herms henvﬁen the
waste placement phase and new cell construction phase.

Final accommodation fur the actual waste voluime will be made in the: Phase 3 area by
adjusting the northern cell slope, by varying the celt height, or by a combination of both. The
cell footprint shown on Figure 4-4 will provide a waste capacity of 1,500,000 cubic yards (20%
in excess of design requirements). Phases | and 2 should-be constructed. to this general -
mnﬁgurahun to provide maximum opportunity to ad]ust the cell into the MSA to accommodate

an increased waste volume. - o

Access ramps -for transporting materials to higher clevations of the cell during
construction/operation will be constructed on both ihe western and easiern sides as cell

construction proceeds to the north for each phase. A 10% maximum grade is assumed.

Construction operations for each phase will generally be performed in the following
sequence: ' ' ' '

1. Clearing and grubbing of cell areas, removal of underground piping and
foundations, excavation of contaminated soils, and backfilling of deep excavations.
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6.

10.
11.

12.

Final grading of subgrade.

Placement of 3-foot-thick clay layer.
Construction of LCRS.

Placement of a 4-foot-thick clean clay layer radon barrier (20-foot horizontal width)
cover material at-§ to 1 thorizontal to vertical)} slope in applicable areas to form a
berm-like barrier for containment of relocated wastes, ‘The clay layer construction.
will be kept slightly ahead thigher) of the waste placement. such that the cover
surface will aiways remain clean as all waste material placed adjacent fo and within -
the cover perimeter will be sloped to drain towards. the middle of the cell area,
therefore, preventing possiblé contamination of the placed cover.

Placement of soil-like contaminated material on the interior side of the placed cover
in a minimum 20-foot-wide zone, thereby forming a perimeter zone (berm) adjacent
to the cell cover. The 20-foot-wide zone is adjustable depending on the actual
availability of various wastes during construction. '

Placement of rubble from the MSA, TSA, or the volume reduction facility in the -

cell area inside the outer perimeter berm of soil-like wastes.

Placement of CSS$ grout-like material on the rubble surface within the bermed area. ..

The grout-like material wili enter and fill the void spaces within and between the

rubble.

Placement of CSS soil-cement material and soil-like material across the final surface
of the grout-rubble fill. '

Construction of remaining cover over side slope and full cover over top slope.

Place sod or seed completed secton of cover,

Proceed with waste placement of subseguent phase in sequence as described above,

4,2,6.4 Cell Construction. Initial cell construction activities will include excavating

approximately 150,000 cubic yards of material and placing 150,000 cubic yards of fill to grade
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the existing' ground surface-in ‘the cell footprint to the finished -subgrade elevation, The
excavation and fifl will be accomplished-at a rate of 500 cubic yards per hour by a crew of 12
. msing two scrapers, a Raygo 600. compactor, a.D-9 dozer, a D-8 dozer, a 4-inch pump (quarter
time), & grader, a water truck (half time), a disk harrow, and a t-cubic-yard backhoe (quarter
time). This operation wilt require 37.5 work days o complete. Excavation of up to 6 feet is
anticipated. :

The next activity to be performed is to scarify and compact the finished subgrade
200,000 yd?) prior to placement of the composite liner. This activity will be accomplished at
a-rate of 2,500 square yards per. hour by 2 crew of 5 using a crawler tractor with. a.disk harrow
and a Raygo 400 compactor. A water truck will be used to add water 10 achieve the spet:lﬁed
moisture content and to control dust. Ten crew days wili be required to complete the foundation

preparation,

A 3-foot=thick clay liner totaling 200,000 cubic yards will be constructed as part of the
composite liner for the cell. This material will be delivered from an off-site borrow area {within
5 miles} and placed at a rate of 80 cubic yards per hour by a 17-man crew using nine 10-cubic-
yard end~dump highway haul trucks, a 988 loader, two D-6 dozers, a Raygo-400 compactor,
a disk harrow, a 4-inch pump (quarter time), a grader to fine grade and maintaia haul roads, and
.4 water ‘wagon to maintain specified compaction moistire content and to conirol dust. Th;s :
operanon will be performed over a peried of 313 work d&}rs

Approximately 200,000 square yards of FML will be placed over the clay layer by a
crew of 8 using a tractor to unroll the material. Seams will be bonded by the placement crew -
and tested to assure.that they meet quality control requirements. Placement wilt be continuous
over one-third of the cell foundation at a rate of 20,000 square feet per day. Installation of the
FML will require 90 work days. - '

A 1-foot-thick LCRS layer wﬂ] then be placed. It is assumed that 67,000 cubic yards
of grava]iy, deain-type material will be purchased from a commercial source FOB job site. The
material will be placed at a rate of 33 cubic yards per hour by a crew of ¢ with a 2-cubic-yard
loader, a smooth-drum vibrating roller, a grader, a water truck, and a 4-inch pump {quarter .
time). Embedded in this layer will be a network of 6-inch-diameter perforated high density
polyethylene (HDPE) pipes to collect and direct- leachate fo 'sumps or mantoles located
immediately outside the toe of the cell. This network will be placed concurrently with the gravel
piacement by a crew of 6 at a rate of 50 feet per hour over a period of 23 work days. Gravel
. installation will require 254 crew days. -Approximately 9,200 feet of pipe will be required.
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The upper and lower LCRSs will each have 20 collection sumps:or manholes for a total
of 40. Instailation of these elements will be performed by a crew of 6 using a Cat 235 backhoe,
2 ‘flatbed truck, and hand .compaciors (half time). Installation is estimated at 13 crew houss per
sump or manhole over a peried of 70 crew days.

Another 200,000 square yards of FML will be placed over the lower LCRS layer,
followed by the 67,000-cubic-yard, 1-foot-thick, leachate collection layer and 9,200 fest of -
. HDPE pipe, overlain by a of 6-inch-thick layer filter sand material (33,000 yd®). Construction -
will be the same as described above and will require the same type and number of equipment
components and manpower to accomplish the work, Installation of the FML and the gravel with
the collection pipe will be completed in 90 and 254 crew days, respeéﬁvaly. Filter sand will
be delivered to the placement site and placed at a rate of 25 cubic 'yards per hour by & 6-marn
crew using a D-6 dozer, a 2-cubm-yard loader, a Raygo 400 smooth-drum compactnr a water
truck, and 2 4-inch pump over a period of 165 crew days. .

Four basic forms of waste will be placed in the dlspasal cell: soil-like nmtcna.l CSS
grout-like material, CSS soil-cement ma]:enal and rubble. The soil-like material will be placed
- first, around the perimeter of the cell; to contain the-CSS grout or soil-cement material and
rubble. ' '

The soil-like material will be delivered to the cell at various rates; depending upon the:
material source.- The following summary provides the volume by major source area of soil-like
material and the estimated-delivery rate, as described.in Sections 4.2.2:2, 4.2.2.4, and 4.2.2.8,
for excavation and transportation -of waste materials. .

TSA, Ash Pond Speils File and Mulch Pile 72,200 BB.3
Site Ponds and Dumps . 36,900 : 70.8
Site Surface Areas ' 50,400 150
Underground Pipe ' 13,000 56.3
Raffinate Pit Bottom 118,900 68.8
Road Surface Reclamation 30,830 58.3
Watar Control Remaval 25,500 100

Busch Lakes 24,000 54.9

Rubble will be delivered at a rate of 40 cubic yards per hour. The rubble and soil-like
material (203,000 yd* and 377,000 yd®, respectively) wilt be either spread or spread and
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* compacted by.a 9-man cresw-using.a D-6 dozer, a Cat 12 grader, a.disk harrow, a water truck,
and a Raygo 400 compactor over the 45 months of active waste placement in the cell. This crew
. wilt handle an average waste delivery of 100 cubic yards per hour, on & 6.5-hour productive
work—da:,r basis. The soil-like material will be placed along the perimeter of the cell and on the

founctatinn and top of the oell_tc- surround thr: rubble and CSS-gmuted-mne. '

The 427,200 cubic yards of CSS grout-like m,atenal will be hauled from the CSS batch
plant and delivered to the cell at an average rate of 67.2 cubic yards an hour on an 8-hour basis
by a 10-tnan crew using 5-concrete or dumperete trucks and 2 gradalis to spread and work the
grout into the rubble during 159 work weeks. The CS5 grout-like material will be placed over
the loose rubble using a spreader or chute on the rear of the truck with the truck driving to the .
side of the loose rubble. The CSS soil-cement material will be hauled, placed, and compacted -

' like untreated soil over the Tubble. Alternatively, the grout may be placed using a concrete
pump and boom, ' '

A A-foot-thick clay top cover totaling 27,000 cubic yards will be placed over the waste
in the cell. The material will be delivered from an off-site borrow source (within 5 miles) and
placed at 2 tate of 80 cubic yards per hour by a 17-man crew using nine 10-cubic-yard end-dump
highway haui trucks, a 988 loader; two D-6 dozers, a Raygo 400 compactor, a disk harrow, a,
" grader o fine grade and maintain hau! roads, and a watgr truck to maintain the specified
moisture content and to controt dust. ~This operation wilk-require 43 work days to complete.

A 20,000-square-yard FML will be placed over the clay layer utlizing a crew of 8and
a.tractor. to uaroll the material. Seams. will be bonded. by the placement crew and tested to .
assure that they meet guality control requirements, - This operation will be completed over &

'penﬂd of 9 crew days at a rate of 20,000 square feet per day..

The next Jayer of the top slope will consist of 6 inches (3,000 yd?) of filter material,
followed by 1 foot (7,000 yd®) of drain rock, topped by 6 inches 3,000 yd?) of filter material.
All of these materials will be purchased locally, delivered to the job site, and spread and
* compacted by a crew of 9 using a D-6dozer, a 2-cubic-yard loader, a Raygo 400 smooth-drum
compactor, and a water truck at a rate of 25 cubic yards per hour. Completion of this task will

require 65 crew days. A 2-foot-thick frost protection layer totaling 14,000 cubic yards will be

placed by a crew of 17 using a 988 loader, two D-6 dozers, a Raygo 400 compactor, a disk
harrow, nine 10-cubic-yard end-dump trucks, a grader to fine grade, and a water wagon to
maintain the moisture content of the material and control dust. At a rate of 80 cubic yards an
hour, this crperatmn will be completed over a period of 22 work days.
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A - 1-foot-thick: tiprap layer ‘with choked rock surface .wiil. be. placed at the top
Approximately 7,000 cubic yards of this material will be delivered to the site from a commercial
-gource: [t will be spread at arate of 20:cubic yards per hour by a crew of 6 using a D-6 dozer,
a 2-cubic-yard front-end loader, a grader, and a water truck over a period of 44 work dn},rs
Placement of sod or seeding will follow completion of the choked rock Jayer.

'A 4-foot-thick clay cover layer totaling 244,000 cubic yards followed by a 3-foot-thick '
frost protection layer (181,000 yd?) will be placed over the waste material on the side slapes.
These zomes will be construcied incrementally to coincide with the waste placement. The
material will be delivered from the same off-site. borrow source as_for the top slope: cover
material, The rate, equipment and labor will be the same as required' for the top slnpe' These
zones will rise above the waste material and will be constructed cuncurrently with waste
placement. Both cover oomponsnts will be placed over a penocl of 660 crew days. When the
side slopes have reached full height, 181,000 square yards of FML will be placed over the frost
. protection zone. Due to side slope conditions, by an 8-man crew, placement will be
accomplished at a rate of 15,000 square feet per day over a period of 109 crew days.

. - Thenext layer of the. side slope consisis of 6 inches (30,000 vd?) of filter rock, followed
by 1 foot (60,000 yd®) of riprap, topped by 6 inches (30,000 yd?) of choke rock or soil.
Materials for these cover -.components will be delivered to the job site: for.placement and
-compagtion. The filter Tock will be placed and compacted ata rate of 25 cubic yards an hour
by a 6-man crew using a 2-cubic-yard loader, a D-6 dozer, a Raygo 400 smooth-drum
compactor, and & water truck. This operation will require 150 crew days. Riprap will be placed.
at a tate of 30 cubic yards per-hour by a 6-man crew using a D-6 dozer and a 235 backhoe. - -
Riprap placement will. require 250 crew days to complete. Choke rock will be placed by a 6- -
" mian- crew at-a rate ‘of ‘20 -cubic yards per hour using a 2-cubic-yard loader, a D-6 dozer, a
grader, and a water truck over a 188-day work period. Placement of sod or seeding will fellow
completion of the choked rock layer.
Contaminated runoff within the cell will be contained by perimeter berms and diiches and
directed to collection sumps or captured by the leachate collection system-and pumped to lined
retention pends for storage prior to treatment. -

The combination disposal facility will be constructed over a period of 6.5 years in three

separate phases: Phase ! beginning from Year 1 through Year 3, Phase 2 from Year 2 through
4.5, and Phase 3 from 4 through Year 6.3.
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-4,2,7 Facilities Closure

Removal of site facilities and emplacement within the on-site cell will follow completion
of their use. Dismantling the TSA, the MSA, and the treatment plant will follow the final
treatment ‘of waste material. Dismantlement of -the water treatment plant and the volume
reduction facility will secur concurrently with road and embankment removal,

Final closure of the TSA will involve excavation of the sand and aggregate base, and
related sediments after' removal and emplacement of the stockpiled material. An estimated
22,000 cubic yards of material will be removed and hauled to the cell over a 5.5-work-week
period at a rate of 100 cubic yards per hour. A 12-man crew will use & -8 dozer, a 3-cubic-
yard loader, a hoe ram, four 10-cubic-yard end-dump trucks, a grader, and a water truck to
perform this task. ' ' '

Reclamation of the 14,500 cubic vards of MSA feundation materizl will be performed
over a 30-work-day period following recovery and cell emplacement of the stockpiled rubble and
building materials. This activity will be performed at a rate of 74.2 cubic yards per hour (6.5-
hour basis) with 2 14-man crew using a CAT 235 backhoe, a hoe ram, a D-8 dozer, a 3-cubie-
yard front-end loader, three 1{-cubic-yard ead-dump trucks, a rough terrain 15- to 24-ton
. hydraulic crane, a grader, and-a water truck. - Materials will be hauled to the disposai cell for..
encapsulation. '

When chemical stabilization is complete, the cancrete foundation and ramp materials at.
the treatment facility, approximately 900 cubic yards of material, wili be removed and placed
i the cell. An estimated 20 days are provided for this activity using'a 4-man crew and a 2-
cubic-yard-loader, a hoe:ram, 2 D-8 dozer, a rough terrain 15- to 24-ton hydraulic crane, two
10-cubic-yard end-dump trucks, and 2 flatbed truck. Foundation and other materials will be
processed at the volume reduction facility. '

Approximately 500 cubic yards of debris from dismantling the VRF will be removed over
an estimated 20-day period using the crew and equipment employed for the removal of the
chemical stabilization plant described above. '

The final remediation activity will involve the removal of the site wasiewater treatment
facility, Fifteen days will be required to dismantle and remove approximately 400 cubic yards
of debris material by a 14-man crew using a 2-cubic-yard loader, a hoe ram, a rough terrain 13-
to 24-ton hydralic crane, a flatbed truck, and two 10-cubic-yard end dump trucks. If required,
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. 4 mobile water treatment uriit will be brought o the site to suppnrtth&ﬁnakmte closure activitics
following removal of the water treatent facility. '

42,8 Site Regrading

Regrading activities will require imporiing various borrow materials and, as addressed
here, will include the raffinate pits, chemical plant, and vicinity property areas.

4.2.8.1 Raffinate Pits. Restoration of the raffinate pit area will be accomplished by
filling and grading the pits and surrounding areas to achieve uniform drainage. Reclamation is -
sequenced to complete pits 1 and 2 as soon as the soil and clay bettom is removed from those
pits. Reclamation of pits 3 and 4 is delayed until the waste is removed from pit 4 to maintain
dike integrity and to ensure the saparauun_uf contaminated water and waste from cleansd areas.
Off-site borrow is assumed to be available within a 5-mile haul distance. The off-site material
~ will be used.for rectamation of pits 1 and 2.and for initial placement in pit 3. An estiimated
111,400 cubic yards will be required at a rate of 117.3 embankment cubic yards per hour. The
estimated 119 work days required to haul and place off-site borrow js based upon a 17-man crew
using a-3-cubic-yard frent-end loader; two D+-6 dozers;.a Raygo 400 compactor, ten 10-cubic-
yard end-dump trucks, a water wagon, arid a disk harrow. The remaining embankment in pits-
3 and 4 will be placed at a rate of 619 cubic yards (adjusted to 8 hours per shift) of in-place. -
embankment per hour, an estimated 37 wotk days will-be:required to place an estimmated 180,000
cubic yards of berm. An 1l-man crew will use four CAT 631 scrapers, two D-8 dozers, a.
Raygo 600 compactor, a grader, and a disk harrow. - '

 Topsoil from an off-site source. will be placed to a depth of 6 inches over the entire
- raffinate pit area when the basic-site grading is completed. The 50,008 cubic yards of topsoil
needed for this task will be hawled from an off-site borrow source. Over a period of 63 work
days, a 10-man crew using a 3-cubic-yard front-end loader, two D-6 dozers, 2 Raygo 400
compactor, three 10-cubic-yard end-dump trucks, and a water truck will place the topsoil at a
rate of 100 cubic yards' per hour (adjusted to 8 hours per shift}), The surface will be seeded with
hardy native grasses.

4.2.8.2 Chemical Plant. After removal of the contaminated soils in the chemical plant
area, approximately 263,000 cubic yards of backfill will be recovered from the chemical plant
site and from outside borrow areas at a rate of 150 cubic yards per hour using a 3-cubic-yard
- front-end loader, a D-§ dozer, a grader, a Raygo 400 compactor, a disk harrow, six 10-cubic-
yard end-dump trucks, and a waer truck over a period of 220 work shifts. - Approximately
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37,000 cubic yards of topsoi will be-imported and placed at a rated of 30-cubic yards per hour,
The delivered material will be spread over a-155-work-shift period with a 3-cubic-yard front-end
~Joader, a grader, a water truck; and a disk harrow, The entire area will be seeded with a variety
of hardy, native, decp-rooted vegetation. Channel areas will be protected by fiprap and choked
with soil prior to seeding. The area within 200 feet of the cell toe will be graded away from
the celt and transitions construcied to natural grade.

4.2.8.3 Vicinity Properties. Army properties 1 and 2 and Busch property 4 will be
reclaimed with 1,648 cubic yards of backfill (including 575 yd? of topsoil) at a rate of 37.5 cubic
yards per hour. The activity will be accomplished over a 6-work-day period with:a 10.25-man
crew using a 3-cubic-yard loader, three 10-cubic-yard end- ~dump trucks, a water truck, 2 Raygo
400 compactor, a D-6 dozer, a disk harrow (half ume}, and a grader {mtenmttently)

Army property 3-will be backfilied with 50 cubic yarlis of tupsml at a rate of 10 cubic
-yards-per hour. This 1-work-day task wiil be performed by an 8-man crew using a 3-cuh1c~ya:d
front-end loader, a Bobecat, a water truck, hand tampers, and ong 10-cubic-yard end-dump
trucks. ' ' ) '

_ ~ For reclamation-of Army properties.1, 2, and 3-and Busch property 4, off-site borrow
for. backfill is assumed to be available within a 4-mile haul distance and that imported topseil..
can be delivered 1o a location:adjacent to the work site. '

_ During reclamation of 14,000 square feat of disturbed area in Army properties 3 and 6,
850 cubic yards of rock material (one-half the volume of excavated waste) will be placed in the.
channel to prevent scour-and “downstream deposition . of fines. The remaining half of the
- removed ‘waste will be replaced by Tecontouring ‘the banks to provide a stable channel. The

1,700 cubic yards of rock material and fill will be placed at a rate of 50 cubic yards per hour
over a S5-work-day pericS. The 13-man crew will use a 3-cubic-yard front-end loader, a CAT
235 backhoe, a Raygo 400 compactor {smooth drum), a water truck, and five 10-cubic-yard end-
dump trucks. Imported rock material will be delivered to an area near the work site.
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‘4.3 - Alternative TA - Removal, Vitrification, and On-Site Disposal. ..

‘Under this-alternative, contaminated material will be processed at an on-site vitrification
treatment facility and emplaced in an enginecred disposal celi. '

4.3.1 Site Preparation

The site preparation activities will be accomplished in the same manner as described for
Alternative 6A in Section 4.2.1 above. '

. 4.3.2 Excavation and Transportation of Waste Materials

Excavation and on-site transport of the Weldon Spring waste media wili be accomplished
in essentially the same manner under this altemative as described for Aliernative 6A in Section
. 4.2.2; with the exceptions-presented below. '

Bench scale tests indicate that the vitrification treatment process requires feed materials
which contain equal weights-of sludge and .soils. However, surface waler. will remain in the
taffinate pits during sludge excavation in order to attenuate radon emanations and facilitate the.

. sludge-dredging operation. described in-Section 4.2.2. Therefore, the surface water will not be:
completely removed from the pits until after the sludge has been removed. -As-a-result, the
underlying soils will not be immediately available to meet vitrification feed material
requirements. Determining the actual removal methpds and schedule required to achieve the
feed material requirements will require additional study and coordination. '

- The vitrification- process -will require-mntinunué delivery of soil for processing or for
blending with the raffinate pit sludge. For processing contaminated soil only, the required feed
rale will be approximately 720 cubic yards per week. This feed rate requirement will be
reduced to 360 cubic yards per week for vitrification of the raffinate I:ut sludge. An average
delivery rate of 22.2 cubic yards per hour ‘will be necessary, based on an operating schedule of
a single 6.5-hour shift, 5 days per week. When only soils are being processed, material delivery -
- will be performed over a 209-work-week period using.a 3-cub1¢:-:,rard loader to tram soils from
the TSA to the plant feed bin,

Transport of fritted waste from the treatment facility to the disposal cell will require the
ioading and hauling of approximately 102,500 cubic yards of product over the 4-year period of
.plant operation. Assuming hauling is limited to 9 months each year, 36 haul months are
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. available.  With a 20-gay operating period per menth, average pmduc_tibn on an 8-hour basis

will be 17.8 cubic yards per hour and 21.9 cubic yards per hour on 2 €.5-hour work basis.

Loading and hauling- will be performed either by a 5-man crew with a 3-cubic-yard loader or

by direct discharge from the hopper into two 10-cubic-yard end-dump trucks, supported by a

water truck (half time), a grader (quarter time), and a D-6 dozer (quarter time), This crew will

also load and haul 15,400 cubic yards uf clay binder to the disposal cell over the course of
placement operal:luns

The vitrification plant will operate on a 24 hours-per-day, 12-months-per-year schedule.
The fritted material produced during the winter months (6,400 yd?) will either be stored adjacent
to the treatment facility or in the TSA. The front-end loader will be used to transfer the treated
material to storage. ' S

4.3.3 ¥Yolume Reduction

Volume reduction of selected materials will be accomplished as described for Alternative
6A in Section 4.2.3. '

4.3.4 Metals Decontamination

' Selected metals may be decontaiinated using the methods described i Sectian 4.2.4 for.
Alternative 6A.

4.3.5 Vitrification

~. ‘Vitrification using a fossil fuel-heated ceramic melter {FFHCM) has been identified as
a viable method of treatment for selected waste media at the Weldon Spring site. The following
discussion is based on a number of assumptions regarding the waste material to be vitrified.
The raffinate sludge will be dewatered to a target moisture content of 20% when it is fed
to the physical preparation circuit. The sludge dewatering facility has not yet been designed.
However, the results of an MKES study (1992a) suggest that it may be possible to generate a
dewatered product with an 80% solids content using a cyclone and a plate and frame filter
system. Alternatively, dewatering could also be performed using a belt press, screens, and
flotation. Additional studies are required to identify an optional dewatering system.
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" The dewatering facility witl operate 9 months per year, and the estimated 3,500 tons of
dewatered material that is produced by this facility and not vitrified by the end of that 9-month
-+ period will be stockpiled in an enclosed siorage area at the treatment facility, A 45-day period.
will be required to vitrify the remaining stockpiled dewatered sludge. Contaminated water.
resulting from waste dewatering witl be treated at the site water treatment plant or refumed to
the raffinate pits. Dewatering is necessary fo minimize the impact of excess steam generation
on the effectiveness of the off-gas treatment system, and to reduce the volume of material to be
Uﬁ‘&tﬁﬂ :

Raffinate sludge dewatered to 80% solids witl have a bulk density of 1.32 tons per cul:iic
vard, The dewatered material will be dried during physical preparation prior to vitrification, '
resulung in a bulk density of 1.06 tons per cubic yard. The soils and clay bottom will also be -

dried during physical preparation to an assumed bulk density of 1. 37 tons per cubic yard.

- A number of process operational assumptions ‘have also been incorporated into this
" treatment alternative. Vitrification will begin concurrently with raffinate dredging and
dewatering. The throughput for the treatment of all wast_é: materials during the 4-year operating
- period will be 125 tons of solids per day. The energy consumption required for vitrifying.all |
wastes is assumed to be 4.5 x 1{}“_5' Btu/ton. This requirement is consistent with data reported:
- by Battelle: Pacific Northwest Laboratory (PNL)} (Koegler et al. '1989); data provided by
commercial glassmakers (MKES 1992e); and by Vortéc Corporation personnel. Estimates of
volume/tonnage of vitrified glass produced assume no loss of solids during vitrification (loss o
ignition), and that the tonnage of glass produced is equat to the tonnage of waste solids fed to. .
the treatment facility, Refractories for the melter can be designed and/or acquired which will -
- have a-design life in excess of the vitrification project life. It is also-assumed that all wastes
- from the primary off-gas scrubber can-be recycled through the melter: The melter is assumed
to be operabie 90% of the time.

The waste glass prﬂdu{:t is assumed to have.a snhd danmt}r 1denncal to that of qua.rtz
Tn fritted form, the vitrified glass will have a bulk density.of 1.78 tons per cubic yard, which
includes 20% (vol.} void space.

4,3.5.1 Site Preparation. The vitrification treatment facility, including the material
physical preparation circuits, will be located along the southeast corner. of Raffinate Pit 3. An
area approximately 450 feet by 100 feet has been designated as the site of the treatment facility.
This area is adequate for the proposed vitrification plant and will be presumed {o have been .
- graded and prepared for plant construction using equipment used for waste excavation and other
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‘site construction activities, - Preparation of this relatively _smal-l'arréa is described in Section
4.2.1. Bxcavation, placement of fonndations, and instaliation of underground utilities will be
. completed as equipment is assembled .on site for mechanical instaHation.

4.3.5.2 Materials to be Vitrified. Waste materials identified for vitrification will
include the mffinate sludges from pits 1, 2, 3, and 4, the clay bottom material from those pits,
and contaminated soils from the quarry. The estimated quantities, densities, and moisture
contents of the wastes to be vitrified are presented in Table 4-11. Quantity estimates are based
on the same assumptions defined for CSS in Section 4.2.5. '

TABLE 4-11 Waste Material to be Vitrified

M aterial ) Yoluma ydd Density thd3 - Tannage Moisture % Dry Ton=
Fit 1 Sludge 17,400 T 17,800 73 % 4,752
Pit 2 Sludgs 17.400 161 17,600 73 4,752
Pit 3 Sludge 129,400 1.00 130,700 73 a5,289
Pit 4 Sludgs 55,600 1.01 6,100 .73 15,147
. Pit.1 Clay bottom . 2,440 1.52 3,709 20 2,967
Pit 2 Clay bottam 2,440 1.52 3,709 20 2,967.
Pit 3 Clay bottom 15,785 1.52 23,993 20 g 19,195
Pit 4 Clay bottam 29,335 152 44,588 20 35,871,
Quarry Soile 50,000 1.52 78,000 20 £06,800 .
"WTF residuals 3.600 0.94 " 3.400 73 918
Drummed waste 28 0.82 23 73 L]

Totals 323,428 a1t 423 182,464

The raffinate studges and clay pit. bottoms are contaminated. with varying amounts of
radionuclides, heavy metals, metalloids, and anionic species (DOE 1992b). The contaminants
of concem in the quarry soils are reported to also include nitroaromatic organic compounds such
as dinitrotoluene and trinitrotoluene (DOE 1989). Fossil fuel-heated ceramic melting. is the
vitrification method least susceptible to problems caused by variafion in feed materials chemistry. |
This process is also projected o be the least costly vitrification method (MKF and JEG 1992a),

miesrsijaanrelgnnzalashessid-redae,pliL12 4-55



* Information summarized in other reports (Koegler et al. 1989, MKES 199212) indicates no fatal -

flaws in the vitrification of the above matenals using fossﬂ fuel-heated ceramic meltlng

4.3.5.3 Feed Preparation Requimnents. vi_tr'iﬁcatian of waste materials requires that
certain glass-forming compounds be present in the waste. Because melted raffinate excessively
devitrifies, silica-rich soil is needed to add adequate glass-forming compounds to the raffinate
siugge for melting. Kosgler et al. (1589) have shown that a blend of 1:1 dry raffinate solids to
dry soil solids meled at 1,250°C, had a viscosity of 800 to 1,000 poise and generated a
satisfactory glass product., This same mixture had a viscosity of 200 poise at 1,475°C. -Soil
aloné melted at 1,440°C and had a viscosity of 23,000 poise. Fossil fuel-heated ceramic -
melters are capable of handling fairly viscous melts. Vorlec representatives (1991a} stated that
their FFHCM units are capable of processing melts with viscosities in the thousands of poise.
It is therefore assumed that for vitrification the raffinate sludge will be mixed with soit or clay:
pit bottom materiat in'a 1:1 ratio of dried solids and that the soils or clay bottom remaining can .

. be vitrified alone. The addition of melt modifiers such as soda ash, silica, of borate is assume:d

to be unhecassary.

Fossil fuel-heated ceramic melters require waste {feéd} sizing and blending prior to
treatment but can accept waste with any moisture content. To assess the effects of feed material .

" moisture: content, preliminary studies have evatuated dewatering of the raffinate sludge prior to

vitrification treatment (MKES 1992a and e; MKF and JEG 1992a, Koegler et al. 1989). The
results of these studies indicate that physical dewatering prior to vitrification would be“ss:

 expensive than thermally removing the water during vitrification, The generation. of excess

steam during vitrification of non-dewatered raffinate would also cause increased costs for. the
design, construction, and: operation of the off-gas treatment system. For these reasons, it is
assumed that the-raffinate sludge delivered to the treatment famhty will have been previously '
dewatered to a target of 80% solids. :

Al materials should be sized to minus 1 millimeter prior to vitrification (Vortec 19%1a).
The material preparation circuits will operate 12 months per year, L shift per day, 5 days per
week, with 6.5 hours of productive time per day assumed. A 7-day supply of waste materials
prepared for vitrification will be stored in enclosures designed to prevent fugitive dust emissions.
These waste materials will be delivered to the melter via an enclosed manifolded belt detivery
system. The melter operator will be able to chose the particular materials and the appropriate
blending ratios to be delivered fo the melter using an automated control system.
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4.3.5.4 Treatment/Production Rate. The vitrification treatinent rate will be 123 tons
of solids per day, 365 days per year. This rate will accommodate treatment of all of the selected
-materials “during a peniod of- approximately- 4 years. The materials hangling, physical
pretreatment, materials storage, and vitrification equipment are sized to accommodale a tofal of
200 tons of waste per day received at 0% solids, These equipment sizes include allnwancc for
the projected 90% availability and a 15% oversize of required throughput.

. 4.3.5.5 Scheduling of Materials to be Treated. Waste materials will be delivered to
the ‘treatment facility during the 9 constructionfexcavation months of the year. Since the
treatment facility will operate 12 months per year, some stockpiling of .materials will be
necessary. As previously mentioned, raffinate sludges, raffinate pit clay- bottom, and quarry
soils are the materials to be treated. Raffinate sludge will be mixed with quarry soil or clay
bottom prior to treatment, as recomimended by PNL (Koegler et al. 1989). The raffinate sludge
and clay bottom will only be excavated during 9 months of the year. The designed throughput
- of -‘materials for the melter is sHghtly less than the excavation rate for the raffinate sludges;
. therefore, a 45-day supply of dewatersd raffinate sludge will need to be stockpiled at the

treatment facility, The guarry soil, stockpiled prior to the initiation of operations, and raffinate
- clay bottom materiat stored at the TSA will be avaiiable as feed. dunng the 3 months per year
~ that the mnstmcﬂnn!excavahnn activities are shut down.

Figure 4-6 and Table 4-12 present a preliminary waste treatment schedule to illustrate
the interface between studge and soil processing. The raffinate sludge from pits 1 and 2 will
be treated with quarry soils. When the raffinate sludge from pits 1 and 2 is exhausted, treatment
of the raffinate sludge from pit 3 will begin. It is assumed that clay bottom from pits 1 and 2
. will be.available for treatment at. this time. If there is a delay in determining the depth of
contamiration in the pit clay boitom, for examplﬁ quarry soils.can be substituted until the clay
bottom material is made available for treatment.” Similarly, at the completion of treatment of
raffinate sludge from pit 3, treatment of raffinate sludge from plt_ 4, and clay bottom from pit
3 will be initiated. Again, if for some reason the clay bettom from pit 3 is not available at that
time, quarry soils can be substituted. The goal of scheduling tiu_a waste for treatment is to kreat
materials as they are excavated, thereby minimizing the quantities of materials stockpiled.
Stockpiled materials will be treated during the 3 months that construction/excavation activities
are shut down. The materials produced during the 3-month winter shutdown (6,400 yd?) will
be stored at the TSA or in an adjacent stockpiie. |

4.3.5.6 Process Description. The following narrative describes the vitrification process
for-treating selected Weldon Spring site waste materials using fossil fuel-heated (natural gas).
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TABLE 4-12 Annual Quantities _af Materials Vitfified {Tons of Solids)

Material Yaar 1 . Year EY Yeard: = Yuar 4 . Total

Haffinots Sludga

“Pit 1 4762 : . © 4,752

Pit 2 4,752 ; : 4,752

Fit 3 3,318 18,822 7,148 " a5,28%3

Pit 4 ’ " 11,673 3.474 . 15,147

Ouamy Soils 26,888 26,823 . 13,080 (1o - els
Clay bottom

Pt 1 2,9&7 - 2,887

Pit 2 2,987 . _ 2,967

Pit 3 : 13,732 5,452 19,135

C Pit 4 1 35671 35,671

Totala 45,644 . 45844 . 45644 . 44,608 181,540

Mote: Exciudes watar trastment plent rasiduss end drummed aclld wastes.

.- cerantic melter technology. Included iﬁ the discussion are all aspects of the treatment process,
" from the delivery of materials tthe treatment plani through the production of the final vitrified
- waste form. Construction of the fali-scale plant is anticipated to be completed- within 4. years

of the initiation of bench-scale testing, After operating the full-scale system for 3 to 6 mcmths, '
the operating parameters fnr the system should be ade:quately optimized.

-4,3,5.6.1 Physical Pretréatment Circuits, Two separate physical pretreatment circuits

" will be.used: a circuit. to treat the dewatered mffinate- sludge and a circuit to treat both the -

quarry soils and the raffinate clay bottom. These separate circuits will be required due to the
differences in the feed materials; the two circuits also increase the flexibility and reliability of
the complete system. ' The exhaust air from the buitdings which house the physical treatment

" equipment will be routed to a baghouse where it will be filtered. The particulates from this

filtration will be collected and mingled with the melter feed material via a screw conveyor; the
clean filtered air will be exhausted to the atmosphere. Water from the dewatering plani and
water removed during physical pretreahnent will be pumped to the site water treatment plant or
returned to the raffinate pit.

+ Raffinate Sludges Pretreatment Circuit. The dewatered raffinate sludge stored at

the dewatering facility will be fed into a hopper which will feed an underground
chain conveyor to transport the material to the building which heuses the physical
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treatment circuit. ‘This conveyor wili discharge the raffinate sludge after tramp iron

. removal to a double-roll crusher which has enhanced efficiency over a single rofl
crusher, and wili act as a crusher/delumper and will size the studge to minus 3/8
inch, The minus-3/8-inch material will then be screw conveyed {0 a roller mill
where it will be further sized to minus 1 mm, This mill will be equipped. with a
natural gas drier to eliminate fouling of the mill by wet materials. The air from the
drier will be filtered and then condensed. The condensate will be sent to the water
treatment facility, and clean air released to the atmosphere. The sized material will
he pneumatically iransferred to a 650-ton storage bin equipped with a filtered vent
to eliminate fugitive dust emission. The treated sludge in storage represents a 10-day
stockpile for the melter. “This stockpile will provide feed to the melter circuit during
equipment maintenance and holidays. A remote-controlled vanahle speed screw
conveyor will transport the prepared sludge to a pug mill where it will be blended
with soil or clay at the desired ratio. This mixture will be split and screw cun'-.reyed '
to the precombustors in the two melier citcuits.

Soil and Clay Pretreatment Cireuit. Although treated by one feed preparation
circuit, the quarry soil and raffinate pit clay bottom material will not be processed |
- together and are discussed separately. The quarry soil will dumped and fed through
a vibrating grizzly withinan enclosed building to.remove material larger than 1 inch.
This material will be collected in a bin and. returned to the TSA for disposal with
other materials or transported directly to the disposal facility. The grizzly wili be
removed during - treatment of the clay bottom, The guarry soil or clay bottom,
hereinafter referred. to as soil, will then be belt conveyed past a tramp -iren magnet
.- and discharged to a double-roll crusher which will act as a crusher/delumper and will
size the soil to minus 3/8 inch. The minus-3/8-inch material will then be screw
conveyed to a roller mill where it will be further sized to minus 1 millimeter. This
mill will be equipped with a natural gas drier to eliminate fouling of the mill by wet
.materials. The air from the drier will be filtered and then condensed. The
condensate will be sent to the water treatment facility, and the clean air released to
. the atmosphere. The sized material will be pneamatically transferred to.650-ton
~ storage bins equipped with filtered vents to eliminate fugitive dust emission. One bin
will store clay bottom and another will store guarry soil, The-combined treated soil
in storage represents a 10-day stockpile for the.melter. This stockpile will provide
feed to the melter circuit during equipment maintenance and holiday;s. A remote- .
controlied variable speed screw conveyor will transport the prepared soil to a pug
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milt where ‘it will be ‘blended with the raffinate sludge at the desired ratio. This
mixture will be split and screw conveyed to the precombustors in the melter circuits.

4.3.5.6.2 Vitrification Treatment Circuit. ‘This vitrification alternative was developed
based-on the use of a fossil fuel-heated ceramic melting system designed by Vortee Corporation. .
This melting system must be able to accommodate a totat of 200 tons of waste at 80% solids per
day, 365 days per year. To achieve this feed rate, two 100-ton-per-day (tpd) melter units have
heen selected. The reasons for using two units instead of one 200-tpd unit are that scaling up
to the smaller size unit presents less difficulties in design and that the duplication of units will
likely prevent shutdown of total melting capacity of the treatment facility, thereby increasing its .
flexibility and reliability. Additional bench- and pilot-scale testing will be required to determine
process varighles, such as energy consumption, range of acceptable raffinate pit studge to soil '
ratio, minimum required operating temperatures, pastitioning of contaminants between melt and
off-gas, and the amount and type of physical pretreatment required.

) -The combustion/melting systems each consist of three primary assembiies: (I) a
: -prwnmhusmr chamber, {2) an in-flight counter rotating vortex (CRV) heater, and {3} a
‘separation/melting chamber, '

|- s Precombustor Chamber. The prepared waste material will be fed w0 the
precombustors where initial preheating and drying of the wasie occurs. The heat
energy supplied to the precombustors comes from the recuperators where heat energy
in the melter off-gases is transferred to fresh air for combustion. This fresh, heated
air is fed with the waste materials to the precombustor, The combustor gasses and

. dried waste materials are then discharged. into the CRV.. |

« Counter Rotating Vortex Heater. Fuel will added to the CRV with the combustor
gases and dried wastes.” While in suspension, the waste materials are rapidly and
efficiently heated to glass-forming temperatures in the CRV: 1,250°C for the sludge

- .and soil/clay -mixture and 1,440°C for. soil or clay alone. The intense counter.
rotating vortex mixing enables stable combustion in the presence of large quantities
of inert particulates. Organic contaminants, such as the nitroaromatics in the quarry =

. soils, are effectively oxidized in the process. The combustion gasses and preheated
materials are discharged from the CRV -into-a cyclone reactor where melting
reactions occur. Figure 4-7 is a drawing supplied by Vortee of its 100-ton-per-day
CRV heater and cyclone reactor systems, model number ' VC-48A. Each of these -
units weighs 53,730 pounds.
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e Cyclane Separation/Melting Chamber, The melted product formed in the cyclone
reactor, as well as the combustion products, will exit the cycione reactor through a
tangential channe! and enter a separator/reservoir where a pool of the melied material
will be collected. The primary function of the glass separation/reservoir assembly
is to separate the combustion products from the melted material and to provide
sufficient residence time, approximately one hour, for completion of the glass-
forming reactions. In addition, the reservoir can be used to recycle solid waste from
the off-gas cleanup system back into the molten giass bath. The hot exhaust products -
exit the melt reservoir through an exhaust port located on the side or top of the
assembly and continue to the off-gas treatment system. The molten product is
immediately quenched in water which produces a fritted glass product ranging in
diameter from % to % inch. :

~» -Vitrified Product Handling System. The frit will be collected in hoppers, and

submerged drag conveyors will be used to dewater the frit and transfer it to 400-ton
bins to await haulage to the on-site disposal facility. The fritted vitrified product will
be produced at a rate of approximately 125 tons per day, 7 days per week, resulting
in 875 tons of vitrified product per week. "At 1.78 tons per cubic yard, this rate
corresponds to 70 cubic yards per day or 492 cubic-yards per week, Two 400-ton
. "bins allow for the storage of approximately one week’s production.. The 6,400.cubic
yards of fritted glass produced during the 3 winter months while cell operations are
shutdown will be stored in a 6,400-cubic-yard {maximum) storage pile adjacent to
the treatment plant or at the TSA. o :

© 43.5.6.3 Fquipment.-. The following equipment will be required for the vitrification
treatment process previousty described. '

Raffinate Sludge Pretreatment - $682,500

Soil and Clay Bottom Pretrealment 1,144,000
Feed Blending Equipment 179,000
Vitrification Product/Product Handling 2,718,000
Buildings - - 1,574,000
(Off-gas Treatment System _ 716,200

The instailed cost of this equipment

is estimated to be approximately $25,300,000
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Gas Pipeline S 300,000
. $25,600,000

Dewatering Equipment : 1,700,000
TOTAL INSTALLED COST  $27,300,000

Bench and Pilot Testing R200.000
TOTAL PLANT COST $35,500,000

- Approximately 48 months will be required for additional bench-scale testing, pilot-scale
testing, and final design, All costs are based on vendor quotes and engineering estimates.

. 4,3,5.6.4 Product Verification Testing. The final vitrified product will be tested o
assure that the product meets design specifications for leach resistance. Product leaching tests
. which will.be conducted include Materiat Characterization Center tests MCC-1 and MCC-3, and
the Toxicity Characteristic Leaching Procedure (TCLP). Although leaching of vitrified products
varies to a small degree with product form, it is expected that vitrified Weldon Spring site waste
material will pass any of the previcusly mentioned leaching tests,

Samples of the vitrified product will be continugusly and automatically collected-during
PrOCEsS nperaﬁﬁns. ‘Each, shift; theése samples will be archived on-site-as composites. . Any
changes in feed materials or other operating parameters, which the operator or process engineer
determines may affect product quality, wilt also be cause to archive composites. If any material
~ does not pass during routine process. sampling, process modifications will be impiemented for-
' subsequent treatment batches. The product mpresented by the failed sample would not bé
- removed from the ce:ll '

The treatment process operating parameters will be uptimlmd during pilot testing. ‘The
fritted glass produced during start-up testing will need to consistently pass the dlSposal criteria
before full-scale operations can begin.” The frequency of testing required to assure product
quality will be established during start-up operations. After the initial 3- to 6-month start-up
pencu:l it is annmpated that weekly testing will be adequate.

4.3.5.6.5 Off-Gas Treatment System. fo—gas treatment systems for wmﬁcatton
processes must be designed to quench the high-temperature off-gas and remove entra_mad dust,
" submicron . aerosol, and any unacceptable levels of non-condensible gases created during
vitrification of the waste or combustion of the fuel, “In addition, if the feed material contains
radionuclides, a final Ihigh-efﬁcisnc},r filtration step is required. Thus, for the Weldon Spring
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waste profile, the off-gas treatment system must include, at a minimum, a primary quench
- scrubber, an acid-gas/submicron aerosol scrubber, and a high-efficiency final fijtration device.
" Heat removal will be accomplished by a combustion air pre-heating recuperator and/or- a
scrubber water cooling system. Radon control will not be required and NOx control does not
appear to be necessary. However, anriual air quality modeling will be required for confirmation.
The off-gas treatment unit operations are shown schematically in Figure 4-8 and are described
in more detail below. Conservative control efficiencies are reported for the primary contaminant
classes based on EPA estimates (Federal Register 1989) and vitrification literature.

Off-pas Cooling. Waste heat in the off-gas can be recovered and used to preheat the
‘combustion air in a radiation recuperator or to heat air for use in the physical preparation .
circuits, reducing the size of gas heaters and their fue! costs. A counter-current, low-fouling
recuperator may recover up io 25% of the input heat load while pre-heating the combustion air

© by upto0-1100°F (590°C): - Depositon of solids in the recuperator as the off-gas cools and

- vapors condense is a potential problem with this heat recovery option--a problem that should be
carefully evaluated during a pilot-scale test of the system, In the event of unacceptable solids
. buildup, a low-fouling, wet quench scrubber, such as a deluge tower with liquid-liquid heat
- exchangers, may be required for heat removal at the expense of heat recovery. Film coolers
have been used in some joule-heated vitrification processes 10.cool without fouling (Scott et al.
1985). Film-coolers, -however, woiild not be suitable for the large off-gas volumes-resulting

from fossil-fuel combustion. ' '

Quench Scrubber. A primary guench scrubber is required to quench the hot off-pas, to
remove gross entrainment dust particles, and to begin acid gas scrubbing. . Quench scrubbers

. that have been used in:incineration and vitnfication pm-casses include ejector-venturi scrubbers -

(EVS), suhmerged bed scrubbers (SBS), spray towers, jet bubbling scrubbers, and plate column _
scrubbers,  Spray towers provide very low scrubbing efficiencies, and the bubbling-type
scrubbsrs are limited to the much lower off-gas volumetric flow rates attained by joule-heated -
systems.

The preliminary design concept is based on an- ejector-venturi scrubber. system for the
primary quench scrubber, It can be scaled up easily to a 100 ipd fossil-fueled melter flue gas
flow volume ang provides relatively high scrubbing efficiencies for the guench scrubber class.

. EVSs are simple, stable, and easy to contro] for optimum performance. Based on EPA’s
"eonservatively estimated” control efficiencies (Federal Register 1989), the EVS is assumed to
attain 90% conirol of non-volatile metals and gross entrainment aerosol, 20%.control of mercury
and other volatile metals (As, Cd, Pb, Se), and 50% control of acid gases (CARB 1989).
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‘Nitrogen oxides control,-aithough “highly uncertain, is conservatively .expected io be 7%
(estimated from Brunner 1984}, The EVS is not assumed to provide significant mntrol_for
- residual organics or radon, S : -

Submicron Acrosel Scrubber. A high-efficiency scrubber is required to- remove the
volatilization/condensation aerosol loading that occurs primarily in the submicron size range and
te scrub more efficiently any remaining acid gases. High-efficiency scrubbers may include
high-energy venturi scrubbers, steam-atomizing or tandem-nozzle scrubbers, or high-efficiency
mist eliminators (HEME). The HEME scrubbers consist of deep fiber beds that are very
susceptible to plugging and are only recommended for soluble contaminants that -can be
backwashed with a water flush {Sechmel 1990). '

* The proposed preliminary conceptual design submicron aerosol scrubber is a Hydro-Sonic
Scrubber. The Hydro-Sonic Scrubber is a simple, highly efficient gas- or stear-atomizing
scrubber that may be used. singly orih-series for extremely high overall efficiencies. Hydro-
soni¢ scrubbers have been repeatedly demonstrated to provide up to 99.9% control of
particulates and acid gases. Control efficiencies assumed for a high-energy scrubber, however,
are based upon EPA’s conservatively estimated values of 98% for gross particulates and nos- -
volatile metals; 40% for volatile and semi-volatile metals, mcludmg mercury. {Federal Register -

... 1989);: 90% for acid gases (CARB- 1989); and 25% for NOx (estimated fm_m Brunner.1984). -

No control is assumed for organics or radon.

Nitrogen Oxides Control. Most vitrification off-gas treatment systems researched did not
have NOx control equipment. ‘However, because of the potentially high concentrations of -
titroaromatics and. nitrate in. the Weldon Spring waste, NOx emissions could require controls.
Since there are no direct emission-limiting ARARs for NOx, air dispersion modeling and
comparison to the anaual NO, National Ambient Air Quality Standard is required to determine
whether NOx control is necessary. If dispersion modeling reveals violations in ambient NOx
standards, there are several pﬂSSlhlE'- NOx abatement methods that might be usable for this type
of melter

" Catalytic reduction of NOx with ammonia may be the most attractive NOx. control .
methodology, if process design cannot reduce NOx emissions o acceptable levels (Armstrong -
and Klinger 1985.) This process involves injecting ammonia into the gas stream to react with
NOx to form nitrogen and water. The major advantage of this system is that no by—pmduct
waste, such as increased scrubber sludge, is produced. NOx removal efficiencies have been

- estimated at 9% for this method (Donato at al. 1984).
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A major disadvantage of the system is that operannnal parameters must be carefully
controlled. The NH3/NOx ratio-and the temperafure of the off-gas must be carefully controfled
to avoid formation of ammonium nitrate, an explosive, This may dictate the use of upstream
NOx and temperature monitors which control the ammonia injection.

Other NOx control ‘options include nonselective catalytic reduction technologies, flame
reduction (NOx is reacted with excess fuel at high temperatures in a cumbusmn chamber), or
_ enhanced gas scrubbing methods such as pumked absorber columns,

Final Filtration. '‘The final filtration process is required to atiain the lowest achievable
emissions of radionuclides. Vitrification melter emissions are typically reported as "off-gas
decontamination factors” (DF). Off-gas DFs represent the rate a specics is fed to the melter -
divided by the rate that it is released to the off-gas stream. For example, a ﬁery_volati‘se'
_material that is 100% volatilized into the off-gas stream would havé a DF of 1. If 50% of a
- cotmpound is released into the off-gas-the DF is 106/50 or 2; if 1% is released the uf”f—gas DF
is 100/1 or 100, etc. :

A typical final filtration systern will include a gas preheater, mughmg filters, a pnmax},r :
high efficiency particulate air (FEEFA) filter set in paralle.l for maintenance flexibility, am:i a
© . secondary ‘HEPA system in. series -with the primary" 'HEPAs for system ‘backup. HEPA
efficiency is conservatively assumed to be 99.95% (DF=2000) for removal of submicron aerosol
particles per HEPA stage. Only the primary HEPA control efficiency is applied to the estimated
particulate emission for this conservative analysis. . The feheater typically heats the flue gaﬁ from
a scrubber outlet temperature: of 170 - 190°F (77-88°C) by 25°C, to approximately 215 -235°F
(102 - 113°C). HEPA filters are not expected to provide any control for mercury, radon, acid-
gases, OT Organics. -

Stack/Blower System:. Following the final poltution control devices, dedicated 15,000-
ofn blowers, a dampered manifold system, and common stack are proposed. Separate, -
dedicated off-gas systems are recommended for each 200 tons per day treatment unit to maintain
operating stability and flexibility, but 2. common stack may be used for releasing the off-gasses.
A stack height of 100 feet (30 m} is recommended, based on a vitrification building height of - i
40 feet and the Good BEngineering Practice stack height rule (2.5 times building height) for
prevention of building wake downwash.- ' ' '

Radon. Radon emissions will result from two separate mechanisms. First, all radon
- present-in the soil going inte the melier will be released to-the off-gas stream. Second, some
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radon will be generated whiile the material is in the melter. The amount. of radon present in thr;: '
material to be vitrified was calculated based on the following assumpuons

+. Radon will be in secular equilibrium with Ra-226 in the material to be vitrified.
This means that radon will be generated at the same rate as it is decaying, and the
only radon loss is through decay. Based on this assumption, no radon escapes from
the soil. Therefore, the radon activity level in the material will be equal to the
radium activity level. In actuality, the radon activity level will be less because of
the radon flux from the soil. '

* No radon will escape from the soil or sludge while the material-is excavated and
transported to the melter. Again, this is a very conservative assumption.

"Although these assumptions may be uarealistically conservative, other calculation
“methods’ would require extensive study on the gas retention properties of the material to be
vitrified and the effect of excavation activities on the radon release. '

To calculate the amount of radon generated. while the material is being vitrified, matenal
was assumed to have a I-hour retention time in the melter, It was also assumed: that all raden
- . -genérated while the material is-in the melter will be emitted to the off-gas stream. - Preliminary
calculations for anticipated radon emissions are summarized below. [f compared to the radon '
emission requirement of 5 x 105 xCi/mt in the off-gas (DOE Order 5484.1) discussed by
" Koegler et al. (1989), it may be concluded that radon control may not be necessary.. An absence
ef radon control for all operatmg hxgh -levei vitrification pmcesses supports this possibility.

max max | ‘average
Parameter 1-hour . 24-hour annual
Emission in Ci _ 0.024 - 1 0.58 24
Emission in 4Cifmi of off-gas'® 112x10°6 112x106 - 20x107
. S o | }

A minimum flow rate of 92,000 fi3/ton of feed was vsed to calculate emission rates.

Fate of Contamninants. Fick’s First Law of Diffusion is-used to predict leach rates based
upon- contaminant concentrations . within the glass product,. the diffusion coefficient, and the
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surface area. Product form affects only the surface-to-volume ratio. However, hecaus& of the
+ gxtremely: low .diffusion coefficients in-a-silica-rich glass material (107 12 i 10713 cm/sec),
contaminant flow from all product forms is low. The leach rates of the vitrified product are
similar to those of volcanic glass {obsidian), which has been age-dated in miilions of years and
demonstrates millimeter-thick weathering- rinds having the same chemical composition as_ the .
rock interior. ;

Based on the leach rates of various vitrified products, it is anticipated that the fritted
product will easily pass all critéria for land disposal. During evaluation of in situ vitrification
as a possible process option, PNL conducted bench-scale tests using raffinate pit sludge and soit
from the Weldon Spring site. Thése tests. pmduced a product which passed the EP-TOX test’
(Koegler et al. 1989). It is anticipated that the vitrified product will alse-meet TCLP testing
requirements. ' '

At the high operating temperatures and residence time of the contemplated fossii fuel- .
. heated ceramic melting process (1200°C to 1450°C), the nitroaromatics and other organic
constituents would be completely- destroyed. Nitrates would also be destroyed by .the
vitrification process. The nitrates- (NOq) -would be converted to gaseous malecules (NOy, Hg,_
: -and:-NClx]; The nitregen‘converied:ta NOy. could be abated by-control composents in the off-gas
- treatment system if required. - However, the majority of the nitrates are guitessoluble and would .
be removed during the sludge dewatering process. The nitrates and other soluble compounds

 would be contained in the wastewater from the dewatering circuit that would be treated 'in the -

water treatment plant to acceptable levels of contaminants..

" Similar to the nitrates, some of the suifates would be volatilized during the melting
process and captured in the off-gas treatment circuit. Section 5,2.3 presents this discussion on
more detail. Table 5-3 shows the estimated amount of contaminants in the waste feed to the
vitrification facility and their esnmated fate after vitrificatior.

4.3.5.6.6 Manpower. The total manpower reguired to operate and maintain the physwal
pretreatment and meltmg circuits is summarized below: :

Pretreatment Supervisor 1
" Operators _ 2
" : Maintenance 2.5
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" Laborers 2

- Melter ' " 'Process Engineer 1-

" Operators 4
" Maintenance 4,5
" Laborers _ 4 -

The process engineer will supervise the operations of both the physkﬁal pretfmuhent and -
melting circuits. This individual will be a degreed engineer with & chemical, metailurgical, or
ceramic background. He will work during the first shift and -will supew:se the scheduling. of
materials to be treated, chanpes required to optimize pretreatmem and melting circuits,
maintenance schedules of all equipment, and the monitoring of process operations and off-gas
systemns to assure that both the prb@eés and the product cufnply with required specifications..

- "The pretreatment cirenit will operate § days per week, 1 shift per day. A supervisor will

~ be required to oversee both treatment circuits. This individual will have previous materials
sizing,"’grinding experience; a college degree in a related discipline is desirable but not necessary.
An operator will be assigned to each individual pretreatment circuit: raffinate sludge or quarry
s0il and '.cla;u'* bottom. These operators will monitor the operation of their respective circuits. tor- -

- assure: that equipment is operating at required rates and up to specification. Two maintenance,
personnel will work together to maintain all three circuits {two pretreatment and the melter-
circuity and affect repairs when necessary. The two equipment operators will operate the loaders
which will be used to feed the quarry seil or the_c_iéy bottom to the circuit, These operators will
also be available to.assist the maintenance crew or assist ‘with operations at:the melter.

- The melter circuit will operate 3 shifts per day, 7 days per week. One operator willbe -
required for each shift-to monitor melter operation to assure that the melter is operating at the -
requlred temperatures and production rates and that. emissions are in compliance. One
* maintenance person will be required per shift to conduct required regular maintenance. and to
effect repairs when necessary; an-additional maintenance person on a single shift will split his
time between the pretreatment and melter circuit. One laborer will be required per shift to
collect shift product samples, move product collections bins, and assist maintenance personnel
as necessary. ' |

Personal protection required for all pretreatment and process operations workers is
anticipated to be at Level C or less, as dust emissions and vapors will be controlled by

equipment design. During repair and maintenance tasks, increased worker protection may be
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/. required.  During vepair of enclosed raffinate storage bins, for example, the.use of supplied air

by maintenance personnel will likely be required as an added safety measure., -

4.3.5.6.7 Control of Potential Dust Emissions. The vitrification process for mtment
of Weldon Spring site wastes will be designed, operated, and conducted with a zero dust

. emission goal, Each componeit of the physical pretreatment and melting ;.aqﬁpmmt wilt be

totally enclosed and equipped with air filtration equipment as required. For example, the
conveyance system which will transport the dewatered raffinate sludge from the dewatering .
facility to the physical pretreatment facility will be enclosed in an underground conduit befween
the facilities. The truck dumps for the soils and clay bottom material will be in enclosed -
buildings with exhaust hoods over the dump points. The vitrification process equipment will be
installed in a building dedicated to its operation. Although the vitrification process by nature -

is virtually dust free, this building will be equipped with an air filtration System to add an extra
measare of worker protection and to eliminate the escape of fugitive dust to the environment.

4,3.5.6.8 Fuel Requirements and Availability. The fossil fuel-heated ceramic melting
technology designed by Vortec Corporation has the ability to use  variety of fuels such as coal,
fuel oil, waste oil, natural gas, and combinations of these. This alternative is based on the use
of natural pas as the sole fuel source for the melter. - Natural. gas was chosen- due to. ifs cleaner .

‘burning -attributes, its availability at’the-site, and the lack of a requirement for storing large .

quantities of this fuel at the site. The estimated consumption of natural gas by the meiter is .-
562,000 cubic feet per day and 205,312,500 cubic feet per year. The estimated maximum i
consumption of natural gas by the melter operating at maximum capacity is 720,000 cubic feet
per day. |

* Discussions with Laclede Gas Cﬂmpan}r, St. Charles, Missouri, indicate that delivery of
the required 1 million cubic-feet or less of natural gas per day is possible. Laclede states. that
a plpehne could be ¢asily extended to the Weldon Spring site, and that its capacity wouid he
large encugh to ensure continuous dﬁlwery of natural gas at the daily and annval rates required.
Laclede quoted a rate of $0. Q0041688 per cubic feet of gas. This rate corresponds m an annual

vitrification fuel cost of $86,000.

Natural gas is also raqmred for the dners in the physmal pretreatmant clrcults hut at a
much lower demand of approximately 59 x 106 per cubic foot per year, or $24, 600. Elactm:a.l
costs are also esttmated to be less than $30,000 per year.
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4.3.5.6.9 Reduction ‘in- Waste Quantities Through Vitrification. A significant
reduction in waste quantities is realized through the vitrification of selected Weldon Spnng
-~ -wastes, Initial waste tonnages as listed in Table-4-11, total 377, 000 tons; the estimated tonnage
of the vitrified product is 182,500 tons. This represenis a reduction in waste tonnage of 52%.
Similarly, the initial volume of these wastes is 323,400 cubic yards; the estimated volume of the
vitrified product is 102,500 cubic yards. This represents a reduction in waste volume of 68%..
These reductions in fonnage and volume are largely due to the removal of moisture in the waste
and a reduction of the intergranular void spaces in the wastes.

4.3.5.6.10 Uncertainties,. The operational uncertainties associated with this alternative
are directly related to certain assumptions upon which this discussion is based. Many of the
assumptions must be tested at the bench or pilot scale prior to final design of the process
systems.

. Physically dewatering ‘and then physically pretreating the raffinate sludge prior to
-+ vitrification may not be the most expeditious or cost-effective method of preparing the studge
for vitrification. Future studies may indicate that simply slurrying the raffinate sludge to the
melter, mixing it with contaminatéd-soil or clay, which may or may not have been physically _
" pretreated, may be the optimal material treatment prior to vitrification, Concermns regaéding the..

. physicaj treatment of the contaminated soil and clay. and the associated potential for clogging in.;

~ the sizing circuits may mandate the use of thermal drying units for this material. It is possible

that the moisture content of some of the quarry soil is less than 20%, which may make physical
pretreatment possible without drying, An advantage of pretreé.tmeﬂt without drying is that
drying of some of the soils'may. create. some undesirable volatilization. Future: bench-scale

. testing may indicate that physical dewatering of the raffinate studge to 80% solids may not be . -

achievable. For the purposes of this alternative, however, physical dewatering of the raffinate
sludge and drying and size reduction is assumed for all of the waste materials.

The recycling of the off-gas treatment wastes from the primary scrubber is assumed to

be included in this alternative. However, it may be determined during futire studies that 100%

~ recycling is not possible, and that 2 certain amount cnf these wastes will reqmre separate digposal
‘methods. C '

Engineering, bench; and pilot studies will be conducted prior to fuli-scale plant desipn
and . construction. Data from these studies are necessary to adequately determine process
variables such as energy consumption, range of raffinate sludge io soil/clay botiom solids ratio
which will melt to form & waste glass with the desired characteristics, minimum operating
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temperature required to assure adequate melting of the feed mixture, partitioning of contaminants -

. of coneern between the melt and off-gas, and the disﬁih_uﬁﬂn of contaminants of concertt in the .
off-gas treatment system and their recycle capacity. These studies will be performed as part of
thie bench- and pilot-scale testing program.

Studies will also be conducted to determine the 'pliysical parameters of the waste and
'pretreatment requirements prior 10 wmﬁcatmn, such as dewatering, delumping,’ sizing,
conveying or pnenmatic transport, and storage. Additional studies will determine engineering
properties of the glass produced for use in determining appropriate containment systemns and
placement methodologies.

4.3.6 On-Site Disposal Cell

For the vitrification and on-site disposal alteative, the disposal facility will be
. comprised of two separate ceils, consisting of an unlined cell {compacted clay bottem} for
- vitrified waste and a single-lined cell for the remaining wastes. The separate-cell disposal
facility concept is to place the two different waste forms (yitrified and untreated) in separate cells
so that each celi will megt the requirements and regulations for the waste to be placed. The
waste ‘to be vitrified has higher levels of radioactive and chemical contamimation than the
.. remaining wastes because-of the souzces. ‘The vitrified material is expected to-be chemically ..
inert but stil} retain its low-Jeve! radioactive characteristics. ' Therefore, the vitrified-waste celi, -
ideally, would be similar to a by-product waste disposal cell, such as those being designed and
constructed for the DOE Uranium Mill Tailings Remedial Action {UMTRA) project. A lining

system is not required in this type of cell, but a cover that will prevent infiltration. and provide - |

- radon attenuation is:required.  The less stringent design would be implemented only if further
. testing proves the effectiveness of the treatment process, The non-vitrified waste will be less
contarninated; therefore, only a single- -Jined leachate collection system will be necessary for the
containment cell. An alternative would be to mcurpﬂrate all waste within the same single-lmned
cell.

The vanious wastes and cmrespﬂndmg guantities requmng dlspnsal under this alternative
are shown in Table 4-13. '
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TABLE 4-13 Summary of Waste Quantities (Bank Cubic Yards)

1. Sai-Llks Wasts : : 478,600
2. Wastes tn ba Vhrified

Reffinate Pit Siudgess 220,000

[ ]

+ Raffinate Fit Clay Betiom B0, D00

*  Quarry Soila o ’ B0 000

+ WTP Residuss 4000

Subtotal o o NPT Y
3. Rubble : ' 224,000
Yook . - } 1,027.000

The cell designs described in this alternative provide for sufficient capacity to
accommodate the total waste volume removed from all site source areas. This capacity will be
necessary to ensure that the design cells will be able to accommodate a contingency, as well as:
potential additional wastes from actwmes involving the quarry remduals, Femme Osage Slough,

- and Snutheast Drainage. '

4,3.6.1 Waste Desr.riptinns and Assumptions. The two separate cells for vitrified and
untreated waste will consist of one unlined cell similar to an UMTRA-type to accommodate the
v1tnfied material (approximately 113,000 cubic yards after vitrification) and one disposal celt
with a single-lined leachate collection system for the remaining soil -hke lm-conmmmated.
waste and rubble, mtalhng approximately 773,000 cubic yards.

Under this alternative, appmx:makely 102,500 cubic yards of vitrified waste material will
be converied from the original bank volume of 324,000 cubic yards of sludges and soils,
‘Applying a 10% contingency factor yields a twotal vitrified volume of 113,000 cubic yards for
cell capacity sizing. The waste quantities are summarized in Table 4-14.

TAEILE 4-14 Estimated ﬂuantitles for. Various. Earthwork Cumpnnents for Sepamta

Cells
1. Waxtor ta ha relocated Soilfike waats 475,000 wd?
Bank Volumal Vitrlfind waste 324000 wd
: ' Aubkls g 224000 yd*

Totel . 1,027,000 yd
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Table 4-14 Estimated Quantitias for Various Earthwork campnnenta for Saparata
' calls {Contlnuad}

2. Weatea In-Place . Soi-like wasts - T 27000 v

(cluding 10% Vitritied waste ' . 313080 ya'
contingency factor) - Rubbls . : : 248,000 pd*
o Total . aasgoo0  yd*

3. Cok Copacity . Fer Vitrifisd-Wasts Cal 113000 W
- . For Non=Vitrified Waate, : 773,000 wi*

Singla-Hnad Call

Faundstion Area : 58,000 yd*
Excavation 87,000 it
Ak 82000 wd

Cover . Binch Filter S C 4,000 yd*
“4tont Clay Cover ’ . 33,000 w*

3-foot Frost Protection Layar . 24,000  wi*

_ 1-foot Choke Hock Layer - - . 20,000 w?
Total Vitdfied Cal Covar Area : 50,000 yd?

5. Singie-Linnd Call )

Foundation Araa ' : 148,000 ydt
e Exaavetion o 125,000 yi?
Fid - ' : 125,000  w

A-foor Clay Hnur . o T 148000 pd*

CLFML L T 148000 ydt

© 1-font LURE . o 48 500  yd*

B-inch Fidtar : 24,000  yd* )
&-incteDin. Fipe ' . 7,400 linedl it

128-fi* Conorete Sump o 1&  Unit

Top Glopw - #-fopt Clay Cower . ' 15,000  yot
' FrAL o - 12,000 - yd®

&-lnch Filter ; ’ 2,000 yi

1-fcot Tain . - &000 yi?

B-inch Filtar . C . 2,000 ydt

Z-inch Frout Protection Layer B,000  yd*

1-font Choke Hock Layer : - 4,000 d*

Slde Slopa . 4-fout Clay Cover : 182,000 wi*
: _ B-foot Frest Protection Lavar 138,000  wd*

FhAL ' 138,000 wi?

-dneh Filter : . 23,000 wd

14uct Riprap . . 45,000  yd*

&-inoh Thoks Rock i 23,000yt

TYatal Sigle-Lined Call Cover Area 148,000 yd*

The vitrified product wili be transposted from the treatment facility to the cell via haul
trucks. The vitrified material will be a fritted product consisting of Va-inch- (o possibly 4 -inch-
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diameter glassy pellets that are primarily cmnposed of qu;utz ‘The unit weight for this- matenal .
is assumed to be 1.78 tons per cubic yards. The 125 tons-per-day production rate for the
vitrification process corresponds o a placement rate of 142 cubic yards per day on a 5-day-
placement operation wurk week, 20 days per month, with 9 uperatmg months per year or 253 E
tons per day.

The vitrified material will be cohesionless due to its particulate nature and smooth glassy
surface. A porosity of 20% is assumed when the vitrified matesial, without binder, is placed
in the cell. A binder, such as the on-site clayey materials, will be added to facilitate
compaction. Approximately 15% binder by volume is assumed to be adequate for the vitrified
material to be bound together as a coherent unit for construction mobility and strength purposes. -
The addition of the binder will not create additional in-place volumes because the: wmﬁed
material by itself is assumed to have an in—place porosity of 20%. :

The remaining waste (?{13,0&[] ;fd’) which is not vitrified will consist of approximately.
479,000 cubic yards of soil-like waste and 224,000 cubic yards of rubbie. Applying a
- contingency factor of 10% will yield approximately 527,000 cubic yards of soil-like waste and

246,000 cubic yards of rubble for a total of 773,000 cubic yards ﬁ:rr placement i in a cell with a
single-lined leachate collection system.

- 4.3.6.2 Concepinal Cell Design Description and Assumptium. The vitrified waste:
cell will involve both below-grade and above-grade construction. A rough conceptual la:fuut
and typical section are shown in Figures 4-9 and 4-10, respectively. The cell will be below-
grade with 2.5 to 1 horizontal to vertical (H:V) side slopes. An earthen embankment will be
- constructed using the excavated material to attain the cell’s design height of approximately 35
feet (from the lowest ground surface to the top of the cover). Surplus excavation material that
is unsvitable for embankment construction will be stockpiled on site for future site grading use.
. The inside slope of the embankment filt will be 2.5:1 (H:V); the outside slope 3:1 (H:V).

The vitrified-waste cell design will feature a cover consisting (in ascending order from
the vitrified material contact) of a filter layer to maintain waste separation from the infiltration/
radon barrier, an infilration/radon atiennation barrier, a frost protection layer and an erosion
protection (riprap and topsoil with grass) layer. . f

The non-vitrified wastes will most likely consist of soil-like, less contaminated waste and .
rubble. . These wastes will be encapsulated in a cell with a single-Tined leachate collection and
‘Temoval system {I.L‘RS} and a cover system
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The single-lined LCRS will include a composite liner, consisting of a flexible membrane
finer and a compacted clay layer, a 6-inch-diameter perforated collection drain pipe network, -
and a granular soil layer to collect the leachate. A fi}ter Zone wﬂl be required between the
granular soil layer and the wastes placed above.

The cover on the top slopes will consist of (m ascending order from the waste contact)
an mﬁltratmn.-‘radan aftenuation batrier, a flexible membrane liner, a filter pmtactad drain layer,
a frost protection layer, and an erosion protection (tiprap) layer. -The tiprap layer will be
choked with topsoil and fine-grained soil for grass growth. ' The cell’s side slope cover will
consist of an infiltration/radon attenuation barrier, a frost-protection layer, an FML and a filter-
. protected riprap layer with a choked rock surface (identical to the top slope ¢hoked rock surface) i
to support grass growth. The height for the single-lined cell will bc a maximum of 74 feet
above the ground surface.

An estimate of the quantities _réquired for each cell component is shown in Tabie 3-11. a
AT} fill materials and wastes will be compacted. ' '

4.3.6.3 Construction Operation Requirements. The work described below is
dependent on the rate that wastes are available for placement in the cell. Approximately 377,000

cubic. yards of soil and 203,000 cubic yards of rubble wil be placed in the single—tined cell and "

102,500 cubic yards of vitrified material will be placed in the unlined vitsified-waste cell. To
accommodate the Weldon Spring wastes described prewqusly, placement of waste in the vitrified -
cell and within the single-lined cell is scheduled to require 4 years and 5 years, respectively,
with the cells filled simultansously. To accommodate placement of materials generated by site
closure and -vicinity property remediation, the single-lined cell wilt be open for the 5-year
period, '

Windblown particulates from the fine-grained materials involved in construction and '
waste placement will be controlled through dust suppression methods. Periodic spraying with
water and/or dust suppressants will be vsed fo control windblown matter while the cell is being
constructed. When a section of the radon/infiltration barrier is completed, the surface will be
" sealed with a steel-wheeled rotler, and if it is to be left unattended for a period of a month or
more, 4 more permanent control measure, such as placing a flexible membrane over the
fine-grained materials, will be used. Another means to minimize transport of mmnmumted
particulates to the environment will be by placing clean cover material on 2 selected side of the
- cell as the waste material is being placed and encapsulating the cefl phases as they are

completed. . _ . - _
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Radon will be etnitted from the waste material placed in the cell. Radioactive emissions
in ‘the air will be monitored during construction and eperation of the disposal facility, If
excessive radon gas levels are reached, as discussed in previous sections, mgmeenng controls
will be implemented to minimize puhhc and worker expnsure .

4,3.6.3.1 - Single-lined Cell.  The construction operation raquuammts fur the
single-lined cell for untreated waste are essentially the same as the requuemmts for ﬂm'
combination cell described in Section 4.2.6.3, with the following cxceptmns

1. Theneﬂmllbemnstmcwd mzphasesonly, with thePhaselareamﬂlesouﬂmm
: porﬂonandthePhaseZareammenunhempumnn :

2. Final adjustment to accommodate the actual mlume of waste placed wﬂlhe made in
the Phase 2 area.

3. The entire disposal cell wi-u be constructed in about 6.5 years.
4, A LCRS with a mmposﬂa liner will be constructed.

5. Soil-like waste will be placed adjacent to and arourd the rubble, pruhai}ly requmng
some hand compaction by laborers.

. Fnundaﬁun.h:' Construction work will start at the original ground. or buildipg
" foundation surfaces and-any excavation will be backfilied to this level. Clearing and
-grubbing, removal of underground piping, and foundations, excavation of
contaminate soils, and backfilling of deep excavations are described in Sections 4.2.1

and 4.2.2.

Approxifnately 125,000 cubic yards of excavation and 125,000 cubic yards of fill
will be required to construct foundation subgrade of the cell depicted in Figure 4-8.
The excavation and fill will be accomplished over a period of 32 crew days at a rate |
of 500 cubic yards per hour by a 12,5-man crew- using two scrapers, a Raygo 600
compactor, a D-9 dozer, a D-8 dozer, a 4-inch pump {quarier time), a grader, a
water truck (half Gme), a disk harrow, and a i-cubic-yard backhoe.

The next activity will be scarifying and compacting the finished subgrade (146,000
square yards) prior to placement of the leachate collection sysiem materials. This
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activity will be accomplished at a rate of 2,500 square yards per hour by a crew of
five-using a crawler tractor with a disk harrow followed by a Raygo 400 compactor.
If necessary, a water truck will be used to add water to achieve the specified
moisture content, Eight crew days will be required for the foundation preparation.

A 3-foot-thick clay liner totating 146,000 cubic yards will be placed in the cell.
'This material will be delivered from an off-site borrow area (within 5 miles) and
placed at a rate of 80 cubic yards per hour by a [7-man crew uging nine 10-cubic-
yard end-dump highway haul trucks, two D-6 dozers, & Raygo 400 compactor, a disk -
harrow, a 988 loader, a 4-inch pumyp (quarter time), a grader to fine grade and
maintain haul roads, and a water wagon 1o maintain specified moisture content and -
to suppress dust. This operation will require 229 work days.

Approximately 146,000 square yards of FML will be placed over the clay layer by '
a crew of 8 using a fractor 1o unroll the material. Seams will be bonded by the
placement crew and tested to assure that they meet quality control requirements.
Placement will be on a continuous basis -over half of the area at.a rate of 20 000
square feet per day. The crew will require 66 work days to install the liner.

" A 1-foot-thick LCRS layer will then be placed. It is assumed that the 49,000 cubic
vards of gravelly drain type material required will be purchased from a local
commercial source and delivered 1o the job site. The material will be placed at a
rate of 33 cubic yards per hour by a crew of six using a 2-cubic-yard loader, a -
smooth-drum vibrating rolier, a grader, a water truck,.and a 4-inch pump (quarter -
time). Embedded in this layer will be a network of 6-inch-diameter perforated -

 HDPE pipes. that will be used to direct leachate to sumps or manhoies located :

- immediately outside the toe of the cell. This nefwork will be placed by a crew of

" 6 at a rate of 5O feet per hour. Approximately 7,400 feet of pipe will be placed
during a 19-work-day duration, concurrently with the gravel placement. Installation
of the gravel will be accomplished in 186 work days.

The LCRS will have 16 collection sumps or manholes. - Instaltation of these elements
will be performed by a crew of 6 with'a CAT 235 backhoe, a flatbed truck, and hand
compactors {half time). Installation is estimated at 13 ¢rew hours per sump for a
period of 28 crew days. : :
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A 6-inch-thick layer of filter. sand material (approximately 24,000 yd®) will be
placed on the top of (he double LCRS over a period of 120 crew days. Filter sand
dehvemdtutheplawnentmtcwﬂlhespmadanﬁcompactedbyaﬁ n‘mncrewumng
a D-6 dozer, a Raygo 400 smooth-drum compactor, a 2-cubic-yard loader, a water
truck, and a 4-inch pump (quarter time) at a ‘rate of 25 cubic yards an hour.’

* Waste Placement, Two.basic forms of waste material, (377,000 in-place yd® of
soil-like- materials and 203,000 yd® of rubble), will be placed in the disposal cell. *
The soil-like material will be placed around and on top of the individual rubble
components. Spreading and placement will he performed as dcscnbed for Alternative
6A in Section 4.2.6,

* Cover: Top Slope. A 4-foot-thick clay cover totaling 16,000 cubic yards will be
placed over the treated waste in the cell. The material will be delivered from an off-
site borrow source {within 5 miles) at a sate of 80 cubic yards per hour by a 17:man _
crew using a 938 loader, nine 10-cubic-yard end-dump highway haul trucks, two D-6
dozers, a Rayga 400 mmpactar a disk harrow, a grader to fine grade and maintain
havl roads, and a water wagon to maintain moisture content within specsﬁed limits
and control dust, This operation will require 25 crew days.

A 12,000-square-yar¢ FML wili be placed over the clay layer by a-crew of 8 using

a tractor to unroll the material. Seams will he bonded by the placement crew and
tested to assure that they meet quality control tequirements. Placement will require . -
6 work days at & rate of 20,000 square feet per day. ' B

The next cover component consists of a 6~inch-thick layer (2,000 yd?) of filter
material, followed by a i-foot—thick fayer (4,000 yd?®) of drain rock; topped by a
6-inch-thick layer (2,000 yd*) of filter material. All of these materials will be
purchased commercially and delivered to the job site. The materials will be spread
by 4 6-man crew using a D-6 dozer, a grader, a Raygo 400 smooth-drum compactor,
a 3-cubic-yard front-end loader, and & water truck at a rate of 25 cubic yards per
hour. Comipletion of the filter system will require 40 work days. '

A 2-foot-thick frost protection layer (8,000 yd?) will be constructed by a 17-man

crew using a 988 loader, two D-6 dozers, 4 Raygo 400 compactor, a disk harrow,
nine 10-cubic-yard end-dump trucks, a grader to fine grade, and a water wagon 1o
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maintain the moisture content of the matenal and control dust at a rate of Eﬂ cubic
yards per hour during a 13-day work period.

A 1-foot-thick riprap layer with choked rock surface wilk be placed at the top of the
cell. Approximately 4,000 cubic yards of materiat will be detivered o the site from .
a local commercial source by truck, It will be spread at a rate of 20 cubic yards petr
hour by a crew of six using a D-6 dozer, a 2-cubic-yard front-end loader, a I-cubic-
yard backhoe, and a wafer truck over a 25-work-day period. The cell cover surface
will be seeded with grass or covered with sod to reduce infiliration.

Cover: Side Slope. A 4-foot-thick clay cover layer (182,000 yd®), followed by a .
3—foot-thick frost protection Jayer (136,000 yd®), will be placed over the tailings
material on the side slopes. - The material will be delivered from the same off-site
. borrow source as for the top slope cover material. The operating rate, eqmpmmt,
 and labor will be the same as required for the fop slope. These zones will be raised

above the waste materials and will be constructed concurrently with waste placement. -
Total crew days reqmred for plaaement nf both cover cumpcnents is 497 days '

A 136 t}ﬂﬁ-squam—yard FML will be placed on the frost pmtecuon layer by a cTew
" of 8 using a tractor o unroll the material. Seams will be bonded by the placement .
crew and tested to assure that they meet quality control requirements. Placement
pver the frost protection zone is anticipated to cecur when the side slope has reached
its maximum height. Placement at a rate of 15,000 square feet per day, due to- side -
slope conditions, will require 82 crew days. ' o "

The next side slope layer consists of 6 inches (23 000 yd?) of filter rock, t'n]]wa:l-
by 1-foot layer (45,000 yd®) of riprap, topped by 6 inches (23,000 yd?) of choke
rock. Allof these materials will be purchased commercially and delivered to the job
site by trucks and wilt be compacted using the crews and production rates detailed
for the Alternative 6A cover side slopes in Section 4.2.6. Work crew days of 115,

188, and 144, respectively, will be required for each of these components. a

4.3.6.3.2 Vitrified-Waste Cell. The construction operation for the vitrified-waste cell

will mqum-. about 5.5 years anr] wili be performed in thres phases as described in the fn]lowmg
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. Phase I — Clearing and g'ri.:bhrhg of the cell area, removal of underground piping
and . foundations, excavation of contaminated soils, and backfilling of deep
excavations as discussed in Sections 4.2.1 and 4.2.2. '

. Phase I — Excavation of the foundation soil to design grade.
| Phase T — Construction of the vitrifisd-waste cell embankments to full height.
. Phase il — Placement of vitrified material in the cell,

. Phase HI - Construction of cover system and erosion protection system for top and
side slopes.

Foundstion. Construction work wiil start at the original ground or building

- foundation surfaces, assuming that any excavations will have been backfilled to this
level. The removal of contaminated materials within the area of the vitrified waste
cell will be completed prior to initiating the cell- construction, '

Following clearing and grubbing, 67,000 cubic yards of foundation excavation will
be accomplished at a rate of 500 cubic yards per hour by a 15-man crew using 4
scrapers, a D-9.dozer, a 4-inch pump (quarter time), a grader; a disk harrow, &
water truck, and a Raygo 600 compactor over a 17-day work period. Cell
embankment construction will use 55,000. cubic yards of material from foundtion
‘excavation to construct perimeter embankments, The remaining 37,000 cubic yards -
. of material requited for embankment construction wilt be hauled from a nearby on-
site borrow or stockpile area and placed at a rate of 80 cubic yards per hour by-a 17-
man crew using a 988 loader, nine 10-cubic-yard end-dump 1 trucks, two D-6 dozers,
a Raygo 400 compactor, a disk harrow, and a grader. A water truck wili also be
used periodicaily for moisture control and dust suppresmnn The operahnn will
require 58 crew days. .. :

Vitrified Material Placement, The work described below is dependent upon the . . -

rate that vitrified miaterial is provided and delivered for placement in the disposal -
- cell. Approximately 102,500 cubic yards of wmﬁed material wilt be placad in the.
cell over a 4-year pe.nﬂd
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The vitrified material {Ve—inch- to %-inch-diameser, uniformly graded, glass-like
beads) will be mixed with; 15% by volume (15,400 yd), native clay delivered to
stockpile from off-site borrow, To complese the placement of the vitrified material

- during the planned 4-year operation (9-mornth-year 20-day-month work schedule),
the vitrified material will be delivered to the cell at an average rate of approximately
17.8 cubic yards per hour on an 8-hour basis, Delivery of 15,300 cubic yards of
- binder to stockpile from off-site borrow will be performed over a 24-werk-day period

" ata rate of 80 cubic yards per hour by a 16-man crew using a 988 loader, nine -10-

cubic-yard end-dump trucks, two D-6 dozers, a water truck, and a grader.

The 142 cubic yards per day of vitrified material and the clay will be delivered over
a 720-day period at an average rate of approximately 20 cubic yards per hour.
Spreading arid compacting wili be performed by a 2-man crew using a D-6 dozer
(half time) and a vibrating compactor (half time). .

Cover. A 6-inch~thick filter layer wil) be placed on the compacied vitrified material
in the cell. The material (4,000 yds) will be delivered to the site from a Jocal
commercial source. It will be spread and compacted by a crew of 6 using a D-6 3
dozer, a 3~cub1c—yard front-end loader, a water truck, a grader, and a Raygo 400
smooth-drum compactor at a rate of 25 cubic yards per hour over a Z&wnrk-day- "

penod.

A 4-fuot+th1ck c]ay cover totaling 33,000 cubic yards wili be placed over the filter
layer. The clay for the cover will be delivered from an off-site borrow SOUFCE
(withis 5 miles) and placed by a 17-man crew in 52 work days at a rate of 80 cubic

yards per hour- vsing a 988 loader, nine 10-cubic-yard end—dump trucks, two D-6

dozers, a Raygo 400 compactor, a disk barrow, a grader, and a water wagon.

A 3-foot-thick frost protection layer (24,000 yd?), followed by a 1-foot-thick layer
of choke rock (8,000 yd®), will be placed over the clay. The frost protection layer
material will be hauled from an off-site borrow at a rate of 80 cubic yards per hour
by the same crew described above for the cover. Thirty-eight crew days will be
required. The choke rock will be delivered fo the placement area and spread at a

rate of 20 cubic yards per hour by a 6-man crew using a D-6 dozer, a Z-Gubm-yard -

loader, a 1-cubic-yard backhoe, and a water truck over a 50-work-day period. The
cell surface will be seeded with grass or sod piaced to teduce infiltration.
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4.3.7 Facilitles Closure
These activities will be performed as described for Alternative 64 in Section 4.27.
4.3.8 Site Regrading
The site will be regfaded as described in Section 4.2.8 for Alternative 6A.
4.4 Alternative 7B - Removal, Vitrlﬁcatiml, and Off-Site Ilisposal at Clive, Utah |

For this aliernative, cnntmmnated material wﬂl be pmassed at an on-site wmﬁcatlun’_
treatment facility and transported off-site for disposai.

4.4.1 Site Preparation
Site preparation will be accomplished as described for Alternative 6A in Section 4.2.1.
4,4.2 Excavation and Tmuspmtaﬁan of Waste Materlals

Excavation and transport of Weldon Spring wastes will be acmmphshnd in mmtlally

{he same manner under this alternative as described for Alternative 7A in Section 4.3.2. An
exception wiil be that material designated for transport to an on-site disposal cell will be loaded
into containers at the treaiment facility or hauled to a temporary storage arca for suhanumt
loading, then uansported {0 a staging area for off-site transport. The raffinate sludge will alse

require dewatering as described in Section 4.3.5 for Allemative 7A, '

4.4.3 Volume Reduction

Under this alternative, the size reduction methods and procedures will be the same as
described in Section 4.2.3 for Alternative 6A, with the following exceptions:

1. . The material processed in the volume reduction facility will be placed i
containers which wi_ll be havled to Clive, Utah, for disposal-. : :

2. The VRF building design wil) also include provisions for receiving four large
containers mounted on a modified rail car. Therefore, in addition to the VRF
equipment listed in Table 4-5, a 20-hp car puller will be required at a unit cost
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nfﬂﬁm{] Themrpuﬂermlimwethermlcarunderﬂlcfeedpnmtfnr
crushed and sheared material. As the containers are filled, the rail car will be
moved as required, to ensure a uniform and balanced load. When the containers
are loaded to their 28-ton capacity, lids will be placed in position, and the

~ containers will be sealed and decontaminated. . The doors on the building will be
opened, the rail cars pulled out, and the containers removed. Bmpty contamers
will be placed on the rail car which will be puiled back into the building where
‘the containers will again be positioned and filled.

4.4.4  Metals Demﬁ_taminatiﬁn

These activities may be accomplished in the same manner described in Section 4.2.4 for
Alternative 6A. '

4.4,5 Vitriflcation
The dewatered raffinate pit sludge, raffinate pit clay bottom material, quarry soils, and .

water treatment plant residues will be vitrified in a fossil fuej- heated ceranuc melter as described

in Section 4.3.5 fnr Alternative 7A. '

4.4.6 Off-Site Disposal at Clive, Utah

The following discussion addresses the transport of Weldon Spring soils, sludges, -
building rubble, and other debris to the Envirocare Inc, facility at Clive, Utah Three types of

- materials will be transpnrted

1. Vitrified soils and sludges (Table 4~.15}.
2. Contaminated soils (Table 4-16).
3, Size-reduced rubble and other materials (Table 4-17).

The votumesshuwﬂ in these tables dn not include volumes relawd to the quarty remduals,
Femme Osage Slough or the Sﬂuthe:ast Drainage. '
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of $45,000. The car pulier will move the rail car under the feed point for
crushed and sheared material: As the containers are filled, the rail car will be
moved as required, to ensure & uniform and balanced load, When the containers
are loaded to their 28-ton capacity, lids will be placed in position, and the
containers will be sealed and decontaminated. The doors on the building will be
opened, the rail cars pulled out, and the containers removed. Empty containers
will be placed on the rail car which will be pulled back into the building where
the containers will again be positioned and filled, :

~ 4.4.4 Metals Decontamination

Theseantwmas inay be acconmllsh&dmﬂwsmemanmrdmnbed mSecnﬂndl 2.4 for
Alternative 6A.

4.4.5 Vitrification _

The dewatered raffinate pit sludge, raffinate pit clay bottom material, quarry soils, and
water treatment plant residues will be vitrified in a fossil fuel-heated ceramic melter as described
in Section 4.3.5 for Alternative 7A.

4.4.6 Off-Site Disposal at Clive, Utah

The following discussion addresses the transport of ‘Weldon Spring soils, sludges,
‘building rubble, and other debris to the Envirocare Ing. fac:hty at Chve Utah. Three types of

maten&]s will be transported:
1. Vitrified soils and sludges {Table 4-15}.. |
2. Contaminated soils {Table 4-16).
3. Size-reduced rubble and other materials {Table 4-17). |

The velumes shown in these tables do not include volumes related to thc quarry I'ESiiiLlﬂlS
Femme Osage Slough or the Southeast Drainage.
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TABLE 4-15 Off-Site Disposal af Vitrified Material

- Witriflad Walght
Watarial " {ubic Yards Tore

Raffinata Pit Soils . - 34,180 - 80,800
Raffinate Pit Shidge _ 33,700 80,000
Quarmry Bulk Wasta . 34,150 £0,800
WTP Residuss and Drurmmed Sold Wasta 500 ann
TOTAL 102,600 182,500

' ata is from Wasts Quantitios Cuarterly Report 44191 - B/30v91 (MKF and JEG 1991k).
b} Gy 50,000 cubic vards of the raffinate pit solls will be vitrdied (greater than 300 pCifg uranium-238),

TABLE 4-16 Off-Site Disposal of Untreatad Material

) Voluma Weight

Watarial Yd* Tons
Raffinate Fit Soils 103,500 157,320
Ash Fond Solls & Sediment 8,200 12,460
Frog Pond Soils & Sadiment 7.000 10,640
Nerth Dump Sells 7,500 11,650
_Zouth Dump Soils 16,500 25,680
TSA Sotle 4,100 . 6,320
Gite Water Treatment Plant Area Soils . 1,700 2,650
Soils Around Chemtcal Plant Builldings - 26 400 43,130
Sotlz Benesth Chamicsl Plant Builings and Dpen Areas 59,000 . . 89,680
Lekes 34, 34, and 36 Sediments . 20,000 30,400
Chipped Wood and Vagetation : 30,680 19,310
TSA Sediments and Soil 8,100 89,270
Arrry Wicinity Prepertios 1, 2 & 3 Soils 1,400 2,130
Busch Yiclnlty Frnparﬂa.s 2, 455 Seifs 500 FEO
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TABLE 4-16 Off-Site Dispusal of Untreated Material (Continued)

Valume Walght
Maertorlal Yd* Tang
Army Vicirity Propartiss 5 & & Soits 1700 2,680
Tatal Roads & Embankments : 76,930 116,930
Usad F'Pé _ 5,000 820
TOTAL 37& 630 B38,670
TABLE 4-17 Off-Site Disposal of Size-Reduced Building Materials
Converted ‘u"uh_.m'ba Weight
Materlal . Yd* ‘Tong
Cuarry Butk Matal 10,600 69,450
ﬁuan-,.r Bulk Rock/Concrate - | 30,200 61,810
Site WTP {Clasure} L L 810
TSA Foundetion (Closure] 22,000 45,100
Raffinata Fit Fubble 500 330
MSh Fayndation (Closure) 14, B4 26,280
Treatmant Facifity |Closure) ' L4 1e] 3,890
Voluma Reduction Facility (Clasurs) 500 2,180
Raoflryy, Siding, and Flooring 5,100 10,902
Friabls Asbestas ' 4,700 2,929
Musonry Block 7,300 B,518
Slab Deck end Foundetion . 51,500 104,316
Debais 300 k11
Candult avd Plping 2,400 3,926
HVAC Ductwork 100 333
| 1,304°

Tanke &, 500
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TABLE 4-17 Off-Site Disposal of Size-Reduced Building Materials (Continued)

ﬁnmﬂﬂad Volumna Yeipht

Material _ Y Tons

Misc. Equipmant . 40,500 ' 8,162
Uredarground Fiping _ . _ 1,300 _ 1,734
Furniture & Solid Wood B 2,300 934

© Siding (Alurainum & Stesl} ' 100 452
_Su'uc’luml Zimel and R Rails - _ 1,104} 7,548

TOTAL 203,000 - 361,433

The vitrified material will be produced from raffinate pit sludges, raffinate pit clay
bottom materia, and quarty soils at a rate of 125 tons/day, 3 shifts/day, 7 days/week, 12
months/year over a 4-year period. The sized rubble will be generated at variable rates with a
320-ton-per-day average on a single shift, 5-day-per-week basis, depending on the materials
being processed and upon the rate of removal, Not all rubble will require volume reduction.
Gravel from the MSA and asphalt and gravel from the TSA, heavy metal shapes, and ACM, as
well as rubble from demolition of the volume reduction facility and the water treatment plant at
the conclusion of waste removal, will not be processed. Approximately 122,900 cubic yards of
material will be processed. The contaminated soils staged at the Ash Pond spoils pile and ar the
TSA will be transported at a raie that will even out any variation in the production of vitrified
or sized materials. The average rate will be 483 tons per day on a single-shift, 5-day-per-week
basis. All of the materials will be transported over a 4- to 5-year period.

Containers will be filled with vitrified wasie and size-reduced mbble at the vitrification
facility, at the volume reduction facility, and at the site of removal operations.: The 377,000
cubic yards of contaminated soil from the TSA, the Ash Pond spoils pile, and from
decommissioning sites will be transported te a transfer station for ¢container decontamination and
transloading. The transfer station will be located in the area to the east of the Ash Pond spoils
pile. The Ash Pond spoils area will be used as surge storage for contaminated soils transicading
to permit excavation to proceed at optimum rates amd schedules and to allow a more uniform
tate of removal from the site, At transfer stations at the volume reduction facility and the
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vitrification plant, contaimers will also be closed, externally decontaminated, loaded onto a
lowboy trailer, and hauled from the site by truck to a railroad siding at Wentzville, Missouri.
The containers will be either staged at the. Wentzville siding or iransferred immediately to raif
flatcars. Trains of 25 cars, 3 containers per car, will be hauled to Clive, Utah, which is
accessible by a rail siding where the containers will be tansferred 10 a truck and dumped -
-directly into the disposal cell. The containers will be externally decontaminated, placed on the
rail flatcar, and transported back to the Wentzville siding and staging -area for off-loading and
placement on trucks for the return to the plant site transfer stations.

4.4,6.1 Containers. The containers selected for calculating the cost of transporting the
Weldon Spring wastes are 8 X 8 x 10 feet and can contain 23.7 cubic yards. They are designed
to be handled by standard intermodal container equipment and fit on railroad flatcars designed
for the containers. These containers will be similar to those used for hauling the UMTRA
project waste from Grand Junction, Colorado, except that the containers proposed for the
" Weldon Spring wastes will be covered and will be approximately one-half the size. The covers
will prevent dust emissions during transportation to the waste disposal site. These containers
were selected due to their commercial availability and proven transport capability, even though
they have excess capacity. |

_ A transhift will be used to move containers and place thent on the lowboy traifers or the
railroad flatcars. The lowboy trailers and railroad flatcars will be fitted with brackets which
hold the containers in place. ' .

The product densities will vary from 1.78 tons per cubic yard for the vitrified prodnct
to 1.35 tons per cubic yard for loose soil and rubble. The container contents will be limited to
28 tons by highway load restrictions of 40 tons gross vehicle weight, which restricts the volume
loading of the containers to 16 cubic yards for the vitrified product and 21 cubic yards for soil
and rubble.

The coniainers fabricaied and tested for the UMTRA Grand Junction site cost $7,700
each. A similar container with & cover will cost $6,000, based on the relative quantities of steel
required for a 23.7-cubic-vard onit. Similar containers, new and reconsiructed, can be
purchased for as little as $2,200, but they are not designed for transporting contaminated waste
soils and have not been tested. Approximately 525 containers will be required for the project.
Four 25-car trains (75 containers each) wilt be en route at a given time, based upon an 8-day
train cycle, with 250 comtginers distributed among the various staging areas to assure
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uninterrupted transport of material from the site to the train siding at Clive. The comtainers
represent less than 5% of the off-site disposal costs, )

4.4.6.2 Loading. A staging and loading area will be constructed to the east of the South
Dump extending into the area of the projected disposal cell footprint, since the disposal cell will -
not be constructed if off-site waste disposal is the selected alternative. A 10-acre arez has been
identified for constraction materials storage and includes roads, prepared sub-base, ard a gravel
surface. A similar area would be prepared for access to the transfer station which will consist
of a 6-inch-thick, 25,000-square-foot concrete slab for container transloading, storage, and
decontamination. Transfer stations with 6-inch 5,000-square-foot and 10,000-square-foot
concreie slabs will also be provided at the volume reduction facility and at the vitrification plant,
respectively. Hoth the volume reduction facility and vitrification plant will be equipped with car
pullers and cars to move containers while loading. Containers will be closed and
decontaminated prior to transfer to the trucks. Sufficient capacity will be provided at the
vitrification plant to accommodate weekend production, '

Container loading of soil and decommissioning rubble will be accomplished with a 3-
cubic-yard end-loader. Containers will then be loaded onto a low-boy truck for shuitle to the
transfer station. At the vitrification plant and at the volume reduction facility, the containers. will
be transtoaded on the transfer station pads. A maximum of 37 containers of material per day
- will be transported to Wentzville on a 5-day-per-week, single-shift basis, Seven low-boy
transporters will be required during the peak perfermance period, based upon a 72-mimye cycle
time. The trucks will make a maximum of 6 trips per day. Weldon Spring site personnel will
man four translifts; two at the site, one at the Wentzville siding, and one at the disposal site.

Loading at the volume reduction facility during the four 3-month winter shutdown periods
will be accomplished using a 3-cubic-yard loader to shuttle waste from the MSA for container -
loading,

The use of a contaminated stockpile for transloading from trucks to containers wiil
require a 3-man crew consisting of a dozer operator and 2 maintenance laborers with a D-6
dozer. This crew will receive the soils removed during waste excavation, will place and
compact stockpiles, and will maintain the stockpile cover. Dust control methods will include
covering material stockpiles and spraying water from trucks. All containers will be closed to
eliminate dust generation during transport.
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The surge pile maintenance and the shuttle of containers to the transfer pads, the closing
and decontaminaticn of the containers, the translcading of the containers at the transfer pads,
transport of the containers to and from the Wentzville siding, and subsequent transfer to and
from the railcar at the siding and at the disposal facility will be performed using the crew and
equipment cited in Tables 4-18, 4-19, and 4-20 operating on a single shift, 5 days/week, 52
weeks/vear over a 4.75 vear pericd. The translift operator, the loader operator, and the shuttfe
lowhoy driver working in contaminated zones, as well as the two decontamination laborers, the
stockpile maintenance crew, and the winter loading crew at the volume reduction facility- will
be in Level C personal protective equipment (PPE), requiring four changes in Tyvek suits, four
pairs of gloves, and two respirator cartridges per day per person, along with one pair of boots
and one half-face cartridge respirator per person. The translift operators at the transfer pads,
at the train siding, and at the dispesal facility, as well as the lowboy transport drivers, the grader
operator, the water truck driver, and the two laborers at the siding, will be in Level D PPE.

TABLE 4-18Container Handling Dperatmn Equipment Manpnw&r ﬂeqmmments H 140
work days)

Equipmant 1 F-vu-yd loader
4 Translifts
B Lowboy trucks
1 Watar truck
3 Hotseys
1 Car puller {24 hours, 7 daysl
1 Gradar

Labor 2 Faraman
€ Operatars
4 Laborers-
7.7 Teamstors
1 Documentation control
0.5 Safaty nspactor

TABLE 4-19 Surgs Pita Maintsnance Equipment and Manpowar Heqmrements (1,140
work days)

Equipmaitt 1 D-6 dozar
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TABLE 4-19  Surge Pile Maintenance Equipment and Manpower Requirements {1,140
work days) {Continued}- o '

Labar . 1 Oparator
2 Laborers

- TABLE 4-20 Wintar Loading at the Volume Reduction Facility {240 work days)

Equipment 1 3yd* front-end foadar
1 Car carriar ang poller

Labar 2 Operators
1 Labarer

4.4.6.3 Truck Transpertation. The filled containers will be trucked from the Weldon
Spring site, along the route shown in Figure 4-11, to a railroad siding (Figure 4-12) to be
constructed or leased in Wentzville, Missouri. At the siding, containers will be translifted from
the lowboy truck trailers to the flathed railcars for shipment from Wentzville to the disposal site,
During the peak perfarmance period, the seven trucks will make a maximum of 6 trips per day.

4.4.6.4 Rallroad Transportation. Rail transport from Wentzville to the Clive, Utah,
disposal site will be provided by the Union Pacific Raitroad which serves both the St. Louis area
and the Salt Lake City area {(for the Clive site). A potential Union Pacific rail route is shown
in Figure 4-13, and is described in Section 4.4.6.6.

A railroad siding will be constructed near Wentzville, Missouri, which will consist of two
2,000-foot tracks with a 400-foot approach and exit (total 5,600 feet), 4 switches, and 8
crossings, The siding will occupy 11 acres which will be cleared and graded before the siding
is constructed. The siding will include two 6-inch-thick concrete transfer pads, totatling 125,000
square feet, and gravel approach area. Dust suppression. during construction will be achieved
using water sprayed from trucks and suppressant chemicals. The concrete transfer pad will also
minimize dust generation during operations. The rail bed will be covered with gravel. Other
- disturbed areas will be planted with grass seed. The siding construction will require
approximately six weeks and cost approximately $2,285,000. The Union Pacific has flatcars that
accept the intermodal containers desctibed in Section 4.4.6.1. These containers will be handled
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by the translift loader with units either staged on the siding or transloaded directly to and from
the railcars and trucks. Translifis will be provided at the Weldon Spring site, the Wentzvilte
siding, and the disposal site. General maintenance and assistance in loading and unloading at
the siding will be provided by two laborers. In addition, 4 security guards will be required at -
the Wentzville siding on a 3-shift, 7-day-per-week basis.

The Wenizville area currently has several sidings located in the vicinity; the Union
Pacific Railroad wiil assist in locating a siding that could be used for staging and loading. The
cost of leasing or purchasing an existing siding would be similar to the cost of constructing a
new siding, but the cost of obtaining permits and the environmental impacts of construction
would be avoided. For purposes of determining upper end costs for this study, it was assumed
that new construction with associated permitting would be required.

4.4.6.5 Regulatory Requirements. The Weldon Spring wastes considered for off-site
transportation include two types of radioactive material that must comply with U.S. Department
of Transportation {DOT) reguladons. These materials consist of building material contaminated
with natural uranium and thorium,and their respective daughter products, and raffinate sindges
which are contaminated with thorium-230. The requirements for the safe transportation of
radivactive materials are cited in Title 49 Code of Federal Repulations. A more complete
discussion of regulatory requirements is presented in Section 3 of the Engineering Aralysis of
Remedial Action Alternatives, Phase I (MKE and JEG 1992a), '

Many states require advance notification and permitting for shipments of radicactive
material entering their domain. This study does not address specific states or their respective
notification requirements. This activity would be carried ot if off-site transportation of Weldon -
Spring wastes was selected as the feasibility study preferred alternative.

4.4.6.6 Rail Routes. The most probable rowte to Clive, Utah, (alternative route Cl_ive
A}, for off-site transport of Weldon Spring wastes on the Union Pacific Raifrcad would be
. through or near the following cities: '
+ Missouri. Pacific, Washington, Jefferson City, Sedalia, Kansas City.
+ Kansas. Kansas City, Lawrence, Tecumseh, Topeka, Jeffrey, Marysville.

+ Nebraska. Endicott, Hastings, Kearney, Cozad, North Plattz, O'Fallons, Ogallala,
Tulesburyg, Sidney.
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* Wyoming. Speer, Cheyenne, Laramie, Rawlins, Wamsutter, Rock Springs, Green
River, Alchem, Stauffer, Granger, Bridger, Evanston.

¢ Utah. Ogden, Clearfield, Salt Lake City, Garfield, Burmester, and Delle.
Alternative route Clive B starting at Topeka, Kansas, would pass through:
+ Kansas. Abilene, Salina, Russell, Hays, Ellis, Wakeeney, Oakiey, Sharon Springs.

a Colorado. Cheyenne Wells, Aroya, Hugo, Limon, Agate, Bennett, Denver, Granby,
Orestod, Dotsero, Glenwood Springs, New Castle, Grand Junction, Fruita, Mack.,

* Utah. Green River, Mounds, Price, Colton, Thistle, Springville, Provo, Midvale,
Sak Lake City, Garfield, Bunmester, and Delle.

These are the most direct routes. from Weldon Spring to the Clive, Utah, site; munerous
other rcutes are possible. The rail haul distance to Clive, Utah, is estimated to be 1,350 miles.
The highway distance estimate, based on the Rand McNally Road Atlas, is 1,457 miles. The
rail haul distance has been rounded up to 1,600 miles to account for variations in actua! haul
distance. Rail transportation ¢ost is estimated to be $54/ton. Approximately 520 trips will be
required, resulting in 832,000 wansport miles traveled to Clive, Utah.

4.4.6.7 Spill Prevention and Spill Controf. The Union Pacific Railroad employs
emergency response teams throughout is rail system. Prior to shipment, information pertinent
to the treated waste materials, such as specific properties of the waste and emergency handling
data, will be logged into the railroad compuiet system. The emergency response teams will have
access to that information and can react accordingly. The trains transporting Weldon Spring
waste can also be tracked by satellite so that the trains’ Iocations are known at all times.

 Weldon Spring waste will include soil, vitrified material, and rubble; no tiquids wiil be
shipped to Clive for disposal. If an accident occurs and material is spilled, the emergency
1esponse (eam will load the materials into containers provided from the Wentzville staging area
or from the disposal site. The spill area will subsequently. be tested for residual contamination,

4.4.6.8 Acceptance Criteria. The disposal facility at Clive is operated by Envirocare
of Utah under Radicactive Materiat License, No. UT2300249, initially issued on Febmuary 2,
1988 by the Utah Bureau of Radiation Control. Utah-is an agreement state with the Nuclear -
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Regulatory Commission {NRC} for certain types of radioactive material, The license expires
on February 28, 1993 and is subject to rengwal.

The current amended license permits Envirocare to accept Naturally Occurring
Radicactive Material (NORM) waste such as radium-225, source material, special nu¢lear
material, 11(e)2 by-product material in limited quantities, and depleted uranium. Amendment
Number 9 to the license, dated December 3, 1990, allows disposal of naturally cccurring
radioactive wasie that contains hazardous constituents as permitted by the RCRA hazardous
waste operations permit issued to Envirocare by the Executive Secretary of the Utah Bureau of
Selid and Hazardous Waste and the Hazardous and Solid Waste Amendments of 1984 (HSWA)
permit issued by the U.S. Environmental Protection Agency. The Amendment Number 9 waste
must be placed in the mixed-waste disposal facility. '

An environimental impact statemess¢ (EIS) is being prepared {0 assess impacts assuciawd.
with facility acceptance of 11{e)2 by-product wasts. The EIS is scheduled to be finalized in
1993,

4.4.6.9 Disposal Fees. Envirocare of Utah provided pricing information for this study
based on limited data. The preliminary cost per ton information provided by Envirocare was
$123 for 1,000,000 cubic yards of soil delivered over three years. The assumptions used by
Envirocare differ from the assumptions used in this study, Consequently, final disposal costs
may range from $123/ton to $165/ton. The increase in costs would resnlt as the quantity of
materials was reduced from the quoted delivery rate (1,000,000 yd*) as an adjustment for
economy of scale. Based on the 57% reduction expected for Weldon Spring wastes, a cost of
$144/ton was used for this study. Envirccare will have to perform a detailed cost analysis
before a firm price can be developed. The cost of unloading and dumping at the dlspﬂsal cell
will be incladed in the disposal Tee.

4.4.7 Facilities Closure
Closure will be accomplished as described in Section 4.3.7 with the following exception,
Fourlations not processed at the volume reduction facility, such as those for the TSA, the MSA,

the volume reduction facility, the water treatment plant, and the transfer station, will be
demolished and loaded directly into containers for off-site transport.
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4.4.8 Site Regrading
This task will be accomplished as described in Section 4.2.8.

4.5 Alternative 7C - Removal, Vitrification, and Off-Site Disposal at Richlang,
Washington

4.5.1 Site Preparation
Site preparation will be performed as described in Section 4.2.1.
4.5.2 Removal and On-Site Hauling of Waste Materials

- Excavation and on-site transport of the Weldon Spring wastes will be accomplished for
this alternative as described for Alternative 7B in Section 4.4.2.

4.5.3 Volume Reduction

Under this alternative, the size reduction methods and procedures will be the Sane as
described in Section 4.4.3 for Alternative 7B.

4.5.4 Metals Decontamination

This activity may be performed as described in Section 4.2.4 for Alternative 6A.
4.5.5 Vitrification

The raffinate pit sludge, raffinate pit clay bottom material, quarry soils, and water
treatment plant residues will be vitrified in a fossil fuel-heated ceramic melter as described in
Section 4.3.5 for Alternative 7A, '
4.5.6 Off-Site Disposal at Richland, Washington

Off-site transportation of Weldon Spring waste materials for disposal in the DOE'’s

Hanford facility near Richland, Washington, will be the same as described in Section 4.4.6 1l.*(_|rit;]1
the following exceptions.
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4.5.6.1 Railroad Transportation, The Burlington Northern Railroad serves both the
St. Louis (Figure 4-13) and the Richland, Washington, areas and owns flatcars that aceept the
proposed intermodal conainers. A Burlington Northern intermodal hub center is located at
Pasco, Washington. However, using that facility would require trucking the containers from
Pasco to the Hanford site and was, therefore, not considered.

The most probable route to Hanford, Washington (alternative route Hanford A) for off-
site transport of Weldon Spring wastes on the Burlington Northern line would be through or near
the cities listed below. Alternative rowte Hanford A would be the same as described for
alternative route Clive A (Section 4.4.6.6) up to Granger, Wyoming. Beyond this point,

alternative route Hanford A would pass through: '

*» Wyoming. Kemmerer.

» Idaho. Montpelier, Soda Springs, Epco, MtCarumon, American Falls, Minidoka,.
Shoshone, Gooding, Mountain Home, Orchard, Nampa, Caldwell, Nvsza, Payette,
Weiser,

* QOregon, Huntington, Baker, LaGrande, Pendleton, Helix.

» Washington. Zangar Junction, Waliula, Astalia, Mesa, Kennewick, and Richland.

Alternative route Hanford B would pass throngh:

¢+ Missouri. West Alton, Machens, Clarksville, Costrove, Hannibal, South River,
Mark, Macon, Brookficld, Needles, Sumner, Btrmmgham Kansas Cll}'. Sadler,
Armour, 8t. Joseph, Porest City, Napier.

* Nebraska., Craig, Falls City, Table Rock, Lincoln, Weward, York, Aurora, Murphy
Grand Island, Ravenna, Litchfield, Broken Bﬂw, Thedford, Hyannis, Alliance,
Hemingford, Crawford.

s South Dakota. Edgemont.

¢ Wyoming. Newcastle, Upwn Cu}lmdSpur Moorcroft, Donkey Cmek Cmnpheil
Gillette, Dutch, Sheridan, Kleenburn.
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» Montana. Hardin, East Billings, Billings, Laurel, Columbus, Livingston, Bozman,
Belgrade, Logan, Trident, Toston, Townsend, Helens, Garrison, Phosphate,
Drummond, Bonner, Missoula, De Smet, Schilling, Cedars, St. Regis, Paradise,
Brownman, Thompson Falls.

» Idabo. Sandpoint, Hauser.

* Washington. Trentwood, Irvin, Marshall, Spokane, Cheney, Sprasgue, Toko,
Ritzville, Lind, Connell, Mesa, Kennewick, Richland.

The haul distance from the Weldon Spring site to the Hanford facility is approxzimately
2,200 miles. Approximately 520 trips will be required, resulting in 1,144,000 miles traveled

to the Hanford Reservation in Washington. Rail transportation cost is estimated to be $69/ton.

4.5.6.2 Acceptance Criteria. The acceptance criteria for Hanford are identified in the -
Hanford Site Radicactive Solid Waste Acceptance Criteria prepared by Westinghouse Hanford
Company in 1990. The following materials are prohibited:

« Liguids.

s Reactive metals.

¢ Chemically incompatible materials in any waste container.

» Explosives.

* Pyrophorics.

s (Chelating compounds.

. Gas cylinders that are not pe.rnlam:ntlf,.r vcﬁwd.

¢ Tinidentified, uncharacterized, or poorly characterized waste.

+ No low-level radioactive waste exceeding Class C limits will be accepted by
Westinghouse Hanford from licensees of the U.S. Nuclear Reguniatory Comimission
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(NRC) or Agreement States except upon specific written approval by the DOE-RL
with concurrence of DOE Headquarters.

Hanford is not presently prepared to receive the quantity of waste that will be generated
at the Weldon Spring site. Special administrative and regulatory requiretnents would need. to
be addressed before they could de so. ' :

4.5.6.3 Disposal Fees. Fess for disposal at Hanford are $100/cubic yard, This figure
does not include closure or long-term monitoring costs and is very preliminary in nature.
Earlier estimates had ranged as high as $1,944/cubic yard, Hanford presently receives only
small quantities of waste material, and no administrative procedures are in place for disposing
of Weldon Spring site wastes. :
4,5.7 Facllities Closure

Site facilities will be demobilized as described above for Alternative 7B in Section 4.4.7.

4.5.8 Site Regrading

Upon completion of the work, the site will be regraded as described in Section 4.2.8 for
Alternative 6A.
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5 REDUCTION IN TOXICITY, MOBILITY, AND VOLUME

This section discusses the reduction of the toxicity, mobility, and volume of the Weldon
Spring waste materials for each alternative considered in the feasibility study. Specifically
addressed are the treamment processes and the materials to be treated; the amount of hazardous
materiafs destroved; the anticipated reduction in contaminant toxicity, mobility, and volume; the
irreversibility of the treatment; and whether each alermative would satisfy the statutory
preference for treatment as a principal element.

5.¢ Material Quantities To Be Treated

The following discussion addresses the quantities of various waste materials identified for
treatment. The discussion focuses on the material to be either vitrified or chemically weated.
The remaining minimally contaminated material will not be treated, as discussed in Section 4.
The total quantities of contaminated materials and the contarnipant concentrations are reported
in Section 1.3. The materials and quantities which are slated for either vitrification or chermical
solidification/stabilization (CSS) treatment are shown in Table 4-9.

5.2  Reduction in Toxicity, Mobilify, and Volume

The predicted change in contaminant toxicity, mobility, and volume vesulting from
treatment and disposal is discussed below for each akernative. This discussion focuses on the
predicted changes resulting from [) no further action, 2) chemical solidification/stabilization, and
. 3) fossil fuel-heated ceramic melting. Disposal of minimally contaminated material into either
an on-site or off-site disposal facility will result in a common degree of comtaminant isolation
for the two treatment alternatives being considered. '

5.2,1 Alternative I - No Further Action

Mone of the materials listed in Table 4-9 will be treated or destroyed and volumes will
1ot be reduced under the no further action alternative. The only reduction in contaminant
toxicity will be the result of the natural degradation of nitroaromatic compounds and the leaching
of contaminants by precipitation. ‘The leachate and runoff from the TSA, MSA, and the Ash
Pond (if required) will be treated at the site water treaiment plant and discharged to the Missouri
River.
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The contaminants in the building debris stored in the MSA and the quarry roaterials
stored on the TSA will be essentially immobilized for at least the 10-year design life-of the two
storage facilities. '

52,2 Alternative 6A - Removal, Chemical Stabilization, and On-slte Disposal

The CSS$ process has been described in detail in Section 4.2.5. While CSS provides for
a reduction in contaminant mobility, it does not result in the destruction of any contaminanis.
Alihough CSS will be used for treatment and on-site disposal for most site waste materials,
liquid comtainerized chemicals and approximately 111 cubic yards of liquid-waste and 30 tons
of tributyl phosphate will be transporied to Oak Ridge or a similar facility for incineration.

Recent tests performed by Waste Technology Group (WTG) in their Atlanta Iaboratory
(WTG 1992) demonstrate that chemically stabilized raffinate pit shedge and quarry soils witl pass
the toxicity characteristics leaching procedure (FCLP). Previous Oak Ridge National 1.aboratory
studies have demonstrated the ability of cement-stabilized waste to immoebilize RCRA metals
(Gilliam and Loflen 1985; Gilliam et al. 1986). The immobilization of polychlorinated biphenyls
(PCBs) has been demonstrated after soil mixing using a cementitious proprietary additive and
water (Stinson and Sawyer 1989). Chemically-solidified wastes containing PCBs, volatile
organics, and meta} contaminated soil have passed the TCLP test using proprietary additives,
pozzolanic materials, and water (Grube 1989).

The cementitious reactions which oceur during cement-mediated stabilization result in a
significant loss of permeability and in some free water. The drainable free water from stabilized
raffinate sludge quickly decreases with time. The drainage of free liquid ceased 21 days after
treatment with the cement plus fly ash stabilizing agent (Gilliam and Francis 1989). This study
utilized raffinate shidge samples containing approximately 80 weight percent moisture and 65 -
weight percent moisture contents. Dewatering techniques that would decrease the initial free
water of the raffinate sludge or the mixing in of relatively drier soils and sediments may
decrease the total quantity and duration of drainable free water after treatment.

Upon cessation of free water drainage, soluble contaminants can only be mobilized
through leaching by infiltrating groundwater. Generally, the RCRA metals of concem show
increased mobility in acidic solutions. Mobilization of selenium and arsenic are also strongly
influenced by the redox potential (Eh) of & sclution. Cement-stabilized products typically show
a high capacity to buffer acidic solutions because of their alkaline constituents, CaoH and silica.
Therefore, rapid dissolution of the siabilized mass by acidic solutions is unlikely.
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Contaminant release from CSS media is a diffusion-controlled process, Contaminant flux

is regulated by initial contaminant concentration, the contaminant diffusion coefficient, and the

"surface to volume ratio of the leaching solid. Formulae have been derived to estimate and

simulate diffasion-controlled contaminant release. The following formitla, based on Fick’s 1st
Law of Diffusion, was developed by Bishop (1988): ' '

Tan = 1.128 (10°C-3 LXytn0-O)(siv)
Ao '

Where

Ean is amount leached during time n (mg}

is initial amount {mg)

is leachability index (-log of diffusion coefficient) (c?/s)
is time {s)

is surface area {cmz}

is volume (cma)

a:mg;-;g

LLeachability indices range from about 7 (zeadily Jeachable) to 15 (immobile). Table 5-1
reports the time required for 100% removal (Zan/Ao=1) of a contaminant from spheres of -
varying diameter. '

TABLE 5-1 Time to Leach 100% of Contaminants Ralative to Sphere Diameter and
Leachability Index ' . _

Leachabllity Ciametar of Sphare

frde A-inch 1.C-inch 10-Inches

7 36 minutes &1 hourd 253 days

] _ 364 minutas 806 houwrs 7 yoers

L 61 houwrs 263 deye G2  years
15 606 hours T years 692 vyeard
11 253 days 69 ymarz 6,918 years
12 7 years 602 vyears 5918 ymars
13 69 years 6918 wyears =5 818 years
14 682 years =»E918 vears =8918 years
16 BOtA  years »B918 vyears =6,010 years
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Bishop (1988) reports leachability indices for cement-stabilized products ranging from
8 to 11 for cadmivm, 9 to 11 for lead, and 10 to 11 for chromium, all nmch lower than the
vitrified product. Rupp and Pankanian (1989) calculated a leachability index for lead and arsenic
of >12.2 and >>13.6, respectively. Itis reasonable to predict that pootly attenuated compounds
in CSS media (e.g., nitrate, nitroaromatics, uranyl ion) would likely have refatively lower
Jeachability indices. : -

It should be noted that CS8 product may have a maxirurm design life in aggressive
lezching environments of about 500 years. During the final stages of CSS product degradation
and dissolution, a decrease in the leachability index for a given contaminant is probable.
Moreover, leachability of contaminants from CSS materiat is a function of exposed surface area.
As the CSS product softens and fractures, an increase in the surface-to-volume ratio occurs with
a consequent decrease in leachability index. However, the dissolution of spheres shown in Table
5-1 demonstrates that contaminants with relatively high Lx values (>11), contained in large
fragments (> 1-inch diameter) are reasonably well attenuated.

Throughout the Gilliam and Francis (1989) report, it was noted that chemically-stabilized
product prepared with stadge from Raffinate Pit 4 consistently behaved differently from CSS
products prepared with sludges from the other three pits. Products confaining pit 4 sludge were
characterized by more drainable water, farger volume increases, and spuricus compressive
sttengths, Gilliam and Francis (1939) visually noted that the pit 4 raffinate sludge was less
viscous, easier to stir, and had a higher sand-silt component than the shudge from the other
raffinate pits, This observation, consistent with other researchers’ data, suggests that Jiffering
chemical and physical compositions of waste impacts the setting characteristics of the chemically
solidified/stabilized products. Unfortunately, Gilliam and Francis (1989) do not report
comparative chemical analyses of the different raffinate sludges tested.

An MKES (Stabilization Fatal Flaw Analysis 1992b) study examining potential fatal flaws
for CSS technology identified halides, various organics, sulfate, arsenate, and phosphate as
potential set-inhibiting compounds. Degradation of CSS products contzining set-inhibiting
compounds should proceed more rapidly than products without set inhibitors present although
the increased rate of deterioration has not been gquantified. However, subsequent information
suggests that halides and arsenate are below set-inhibiting concentrations within the Weldon
Spring raffinate studges. In addition, use of Type II Portland cement and ASTM Class F fiy
ash will prevent setting interferences that might oceur due to the sulfate concenirations in the
raffinate sludges.
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Tributyl phosphate, chrominm phosphate, and another unspecified phosphate were
reportedly used during uranium concentrate processing at the Weldon Spring plant (DOE 1992b).
Anomalously elevated phosphate concentrations in the Raffinate Pit 4 siudge could potentially
have caused the differing grout behavior reported by Gilliam and Francis. However, Conner
{1990) reports that sludge containing 7,000 ppm phosphate was successtully stabilized at another
site. Therefore, it is likely that the Weldon Spring phnsphate-bearmg raffinate shudge can be
successiully soliditied.

A mumber of researchers have found, as mported in the CSS fatal flaw study (MKES
1992b), that relatively low levels (2%) of phenolic compounds decreased the finai set strength
of C88 products. Localized zones of the mitroaromatic-containing quarry soils may contain
upwards of 2% toial nitroaromatics. -However, final set strength tests conducted by WTG on
C8S product resulting from this material still exceeded the design cntena of an mlcunﬁne:d
compressive strength of 3¢ psi (WTG 1992).

It is not currently possible to specifically predict the impact of variable chemical
composition of the feed on contaminant leachability. Leachability studies reported in CS3-
literature emphasize a phenomenological approach rather than a mechanistic approach. As a

result, it is difficult to directly extrapolate literatre-reported leach rates developed under

significantly different conditions, to the leachability of Weldon Spring CS8 products. The
results of future CS8 bench-scale testing of Weldon Spring site-specific wastes should help
define criteria to address leachability of contaminants.

Water—tu—cemeni ratio is an important parameter in determining CSS product strengthand
porosity. Given sufficient water to fully hydrate cement (W/C:0.36), product strength decreases

‘with increasing water to cement ratio. Moreover, -free watet will remain within the cement

framework, creating porosity. A linear extrapolation of urconfined compressive stren,gth VErsus
water content of the material in the Gilliam and Francis study (1989) suggests failare of the
50-psi design criteria at a moisture comtent of 87%, using the recommended cement/fly ash
biend. The CSS facility must, therefore, accommodate the feeding of raffinate sludge at a
design moisture content of less than 87%, ideally at about 73% or less.

Alternative 6A specifies that the CSS product be disposed of in a disposal cell complete
with a leachate collection and removal system and a cover with a radon barrier. Confinement
of the C8S product in a disposal cell substantially decreases conmtaminant toxicity through
contaminant immobilization and isolation. A disposal cell will significantly assist in the
immobilization of contaminants and will help protect the CSS product from degradation due to
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exposure. The CSS product would remein in & largely undegraded state until the disposal cell
had significantly failed to maintain its cover integrity. The proposed design life of the cell is
200 to 1,000 years. Failure of the disposal cell would allow infiltrating water to react with the
cementitions material binding the contaminated media so that the treated product would begin
to dissolve and weaken. During dissolution and weakening, contaminant leaching would increase
because of increased contaminant diffusion through the solidified waste as a result of differential
solution in fractures, degradation of the cement matrix, and an increased surface to volume ratio
from fracturing and cracking.

5.2.3 Alternatives 7A, 7B and 7C - Removal, Vitrification, and On-site or Off-Site
Disposal '

As described for the CSS alternative, 220,000 cubic yards of raffinate sludge, 50,000
cubic vards of raffinate pit clay bottom, 50,000 cubic yards of quarry soils, 3,600 cubic yards
of water treatment plant residues, and 28 cabic yards of drummed solid waste chemicals will be
vitrified. At the operating temperatures considered for the vitrification of Weldon Spring wastes
{1250°C to 1450°C), organic constituents will be destroyed. Conbsequently, the nitroaromatic
organic compounds, contaminating approximately 7,000 fons of quarry soil, will be destroyed
during vitrification. ' ' '

Other compounds, such as nitrates, will alsc be destroyed during the vitrification process.
The majority of the nitrates, however, will be removed from the raffinate slndge during physical
dewatering. Nitratés and other soluble compounds will be contained in the wastewater sizeam
puraped from the dewatering circuit to the wastewater treatment plant, Nitrates are very soluble
compourxis. Assuming that all of the nitrates in the raffinate sludge are soluble and that the
dewatering process achieves raffinate sludge dewatering to 80% solids (an uncertainty until
bench-scale testing is conducted), approxintately 90% of the nitrates wili be removed from the
sludge prior to vitrification.

Nitrates (NO3) that are not solubilized during dewatering will be converted by heat
energy to gaseous molecules (N, and NO, ) during vitrification. The nitrogen not converted to
molecular nitrogen, but instead converted to NO,, can be destroyed during off-gas treatment by
the addition of ammonia through the process represented by the following simplified equations:

4NHy + 4NO + 0y = 4N, + 65,0
4NH3 + ZNDZ + 02 — 3N2 + EHQU
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Nitrogen and oxygen procluoed from the dastmctmn of nitrates will be released into the
atmosphere.

Similar t0 nitrate, some sulfate will be volatilized during melting and removed in the off-
gas treatment circuits, The amount of sulfate that witl be retained in the melt produced during
vitrification is not known nor is the mechanism well understood. As much as 3.5% sulfate has
been retained in the vitrified product produced at the West Valley melter in New York (Ansted
1990). The actual fate of sulfate will be determined during the bench- and pilot-scale testing
programs. The sulfate which is not reiained in the mek will be converted to gaseous SO,
compounds which will be removed from the off-gas stream by acid-gas scrubbers. The waste
from the off-gas treatment circuits will be recycled, to the extent practical, and bled off, as
required. The sulfur compounds removed from the off-gas system from bleed-off at the
secondary scrubber blowdown will require appropriate disposal or further treatment, such as
© chemical solidification/stabilization, prior to disposal.

The majority of the metals and radiomclides will be retained in the final glass product.
Some of these elements {arsenic, cadmium, mercury, zinc, and selenium) may be volatilized to
varying degrees during vitrification. The actual amounts of volatilized metals will be determined
during bench-scale testing, Volatifized metals wilt be captured in the off-gas treatment circuits,
recycled as practical, and bled off, as required. Those contaminants removed from the off-gas
system from bleed-off at the secondary scrubber blowdown will also require appropriate disposal
or further treatment, such as chemical solidification/stabilization, prior to disposal.

Table 5-2 lists the estimated amount of each contaminant, compound, or element initially
present in the waste feed materials and its estimated fate after waste vitrification.

TABLE 5-2 Fate of Contaminants Resulting from Vitrification

Fate of Conterninarts

A Parcant of Faad
. Encased Scrubbar’
Anmual in Residuala Relaazad
. (lass for to the

Contaminant FtatT Frit Dispasal Atmnspham{h}

al (%) {%) %)
Lead 17.3 9312 B8.85 1.8e-06
Arsenic 28.3 771.67 ’ 22,83 E.9e-08
Cadrlum 1.4 76.05 : 24.95 8.80-06
Salardurn 23 0.08 99.34 2.8e05
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TABLE 5-2 Fate of Contaminants Resuling from Vitrification

{Continued)
* Marcury 0.3 - - 0.00 40,00 60.00
Coppor 18.7 : $9.77 0.23 1.2a-08
Nicks! 71.4 B9.77 . 0.23 1.20-08
Chromium 2.4 ' BH.77 023 1.2e-08
Yanadium 196.2 84.77 ] 0.22 1.2¢-08
Zing 16.9 ' 98.18 1.82 8.2¢-0
Sulfate 262.3 74,07 23.33 2.59 ¢
Chiorida 0.3 010 94.80 aggld
Flugrica 2.3 95.77 .23 2.3e03 (®
Nitritas 1.4 0.00 50.00 s0.00 '
Nitrates 1410 0.00 50,00 60.00 1
Organic - NO» 13 0.00 50,00 60.00 i
Thermal NOxX - 2738 0.00 95,30 9630 10!
2,48 TNT 5.9 <0.10 _* <0.10 o.o001 P
2,4 DNT 0.2 0,10 7 <046 0.0001 ih}
2,6 DNT 0.2 <0,10 =010 0.0007 )
edionuclides (G
U-234 24.1 99,77 0.23 1,26-08
y-238 27.8 99,77 0.29 1,20-08
Th-230 468.0 29.77 0.23 1,28-08
Th-232 5.3 29.77 . 0.23 1,20-08
Ra-126 238 99.77 _ 0.23 1.2e-08
Re-228 6.7 . 53.77 0.23 1.2e-08
Ph-210 585 $3.12 : 6.88 1.80-08
Po-210 56.1 09.77 0.23 1.26-08
Rn-222 0.0997F 0.23 0.00018
Total Activity §58.0 89,18 0.82 1.76-07
Total Non-Valatila .
Sollds: 46,625.0 89.77 0.23 1.26-08

i Batad oo imitwsairad dally mearags fasd of 125 tons per dey. This mess by repremms wowettad-cads Of DBEp-Case Scruber affichanclen.

it Thiagy ded expaciad- o babh-chts ARIGAINE, YWOTEE-CHM MREHON 579 Gpactad 1o by within woompaabie {HmHs, with the poswile exciption of Ny
wihilch I beirg rodaled by ANL,

I Sullare is resansd 38 $09.

L] Chicaios i ralssnsd 88 HEI
L] Fluordsk are fot amectsd 10 weiastifesH i@ therafor sesumed 10 b ralwesed In 1y orighel minersl Fonm, g otably Spauns,
it Hirratea, ritrttes, and orgamic nitre groahe are releessd s NOg

lat Thoistemial MO B ok pregeert |n the fead bt b orested from nlirmogin o o6y e s ts sl Themmal NOX ouanttioe sre reported we peroemsges of
tha WO g-forming componate of the feed [nivatee. nitrhe, e oo Al relpe).

L Thayptinit: fatoa ore besed on the minimum deatruction and rwmevsl aificlmey of SEATOES for PCBE, which are mare ditficwdt to pyrollze, for toth In
st arnd pasma s vitrileation proceases. Parillioning between gises end somabbar sludgs In bated o traatmant eysism afficiencies of 95.5% and
dettruction sMficiancies of 95.5%% far PORe during In shu widfiestion,

m Anson parcaniogs @p baasd on the smaunt of redon that would otheralsl be nilemced guvet 8 70-yoar parlod frorm malsas that haa nat besn vitritied,
Thi tirn parsosd b the bangth of Hme typleally unse ws mbasly for gk aiieiimint. For orubbat ragiduals, (e B agu ba tha parcantage of radium-
224 In the sorubbar sladge. For the glew, b 15 equa 10 the peromttigs oF rcBim.226 in th glete tmes ihe 0.001 mducton In surface smanstlon
raporbed ry PHL Far the Waekdon Spong test glees, For tha gl mmilslong from the procsgs (LasF thit i emmd @0 the frastion of the T0-yesr parlod that
tha matarias realdes bn iha mealter {rckdsnce thrs = 1 hourh, Andon smitoed durling i st aed handling B assurmad 1o be tha samis far vibeftceton
Bh Pot e G35 procest, A $9.070% cverall redustion coours for the 70-wr paried,
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Many factors which affect the destruction and removal efficiencies (DREs) for the
contaminants are not presently known. The extent of partitioning of the contaminants not
 destroyed between the melt and the stages in the off-gas system is also unknown. These factors =
" must be determined during bench- and pilot-scale testing using Weldon Spring wastes. These
' testing pmgrams will determine the DRE for contaminants which aze destroyed and the process

parameters which are optimal for the greatest pariitioning of the non-destroyed contaminantsinto
. the melt and, therefore, into the glass produced. Operating parameters, such as feed mixtures,

N - melting tem;maturex, reaction chamber temperature, and regidenice time, and the amount of

excess air required in the melter for destruction of particular contaminants will alse be
determined during the bench- and pi]ut-scale testing programs.

The proposed fossil fuel-heated ceramic melter does not requlre the use of melt-modifying
reagents to process the contaminated media slated for treatment, Silica-rich raffinaie pit clay
‘bottom and/or quarry soil will be mixed with the dewatered raffinate sludge to produce a non-
devitrifiable glass product. The volatilization of water results in a significant decrease in the
tonnage of the glass product relahve to the feed. This tonnage decrease is particularly evident
during raffinate sludge processing. Physicat and thermal df:watenng of the raffinate sludge will -

result in 2 73% tonnage reduction. The volume reduction i is less significant due to the interstitial. -

porosity between the grains of the fritted glass product.. An estimated volume reduction of 68% -
over the feed material will be-achieved. ' ' '

As discussed previously, at the processing temperatures reached during vitrification,
organics and nitrate will be destroyed. A DRE of 99.9999 is gstimated to be achievable for .
these constituents. Sulfate may be destroyed or retained in the glass product. Tables 5-3-and
. 5-4 report the highest short-term controlled emission and: average long-term controlled ernission
estimates based upon contaminant concentrations and expected filtler control cfﬁmmmes

respﬁctwely

Contaminaﬁt release from a vitrified product is a diffusion-controlled process. .

Contaminant flux is reguiated by initial contaminant concentration, the contaminant diffusion

. coefficient, and the surface-to-volume ratio of the leaching solid. Formulae have been derived
to estimate and simulate diffusion-controlled contaminant reease. The following forrmula based
on Fick’s 1st Law of Diffusion, was develﬂped by Bishop (1988).
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“TABLE 5-3 Highest Short-term Controlled Emission Estimates

Hominal Wasta Fasd Rata: 200 1pd

Fead  MWinlmm OFf-gas PRINARY/QUENCH SCRUBBER (EJEC-VEMT) HIGH-EFFIC. AERDSOL/ACID-GAS SCRUBBER Final  Controlled

' Rate  Expectad  Mesa . Filter . Emission
Highest into SoSl-to  Flow Winiwm Expected . Solids  Outlet  Minimum Expected  Solids - Outlst  Decontom Rate

Conteminants Short-tzrm palter O f-gasz Contrl Efficiency #scycla Gas Contrl EffTciency Mass Gas ~ Fagtor Clbshry

- of Concentration Factor = ====-r-ssmmmseses Moss Flow Mass Flow ==-=-=-------=-=-=+ BlowdoWn Mass Flow 1 REPA . or
Concern - in uaste (ib/hr) (hF2 {lofhr) (X EFF) (OF) - {lb/hry (ib/hrd . (X EFF) (bfy  (lb/hrd  {lbshrd ° (DF) {pCisd)
Solids(PH-100  1.e+l&an/g  166&65.57 33.3 500.50 0. 10 450,45 50.05 - 5 50 #9.05 1.0 2000 G.000% Lkfhr
METALS/METALLOIDS ’ ) .
lead 1400 kgifg £3.5% 16 2.33 20 1.2% 047 1.87 40 1.67 4,7 1.120 2000 0.000& L/hr
argenic 2000 xa/y L 33 10.16 20 1.28 2.02 a.08 L] 1.47 3.23 4,848 2000 0.0024 Li/hr

- cadmium’ &ih pglg 10.73 3 1.58 20 1.2% 0.72 2.85 40 1.67 1.1~ 1.717 2000 0,.0009 Lbihr
setenium 160 woiy 2.67 1 2.67 20 .28 0,53 2.13 - -4 1.67 0.85 1.280 2000 - 0.0056 Lhvhr
nercury 32 pglg .52 - E; .52 0 1.2% 5.10 0.41 L0 1.67 0.47 0.248 1 0.2480 Lb/hr
ANICHE FAC [D~GASES z :
tHtrites (a) 225 poasa 3.7 1 3.73 7 1.08 0.26 I.49 25 1.33 1.57 2.516 1 2.42 Ibfhr NO2
nitrates {8} 22100 xpfa 368.33 1 ari.ae F 1.08 1#.13 ?54.15 2% 1.3 &35 190.613 1 190.61 leshr w02
sul fates 4500 paig P&1.67 1 161.11 50 2 80.56 8055 kL) 10 fe.50 &.055 1 .85 Lo/hr S02
chlorine (b . 40.5 ppfa - 0.468 1 0.0% -] 2. 0.35 0.35 1] 10 . 0.035 1 0.03 Lhvhr HCL
flurine 306 xu/4 5.18 1 ¥ 50 i 2.48 2.68 o 10 2.42 0,258 1 0.27 Lb/hr HF
NITRO-AROMATICS . .
2,46 THT 1600 para 2567 10000 0.00267 0 1 0.00600 000267 o 1 0.00000 000267 % 0.00257 ibfhr
2,G DNT 3 pgfg 0 0.55 10000 p.00004 -0 1 00003, 9.00006 i) 1 0.00000 O.00005 1 000008 lbshe

- 2,6 DAT - &8 pgfg 1.1%- 10009 n.oeel 1] 1  0.e00c0  0.00011 ] t 0.00000 ﬂ tIDI.‘rH 1 0.00011. Leyhe
RAR[CMUEL TDES {pCifd) (pCisd} tptisd)  (pCifd} [pLi/fd) {pclfr.l) o
u-234 . 2950 ptifg  5.35e:M 10000 5.35e+07 M i) 4 Bet)7  F.Gethb v 50 5.2e+06 1.07&H05 Fa 1 " 53,5 phisd
1-238 4200 pCifg  T.62e+rll oot 7.62e+07 & 10 6. 92407 T.bevlb ea 50 7.5e:04 1.52eH)5 2000 ©oTe.E pCifd
Th-234 - 13BG0¢ pCifg  2.51e13 10000  2.5%eH(% o 10 23409 2,50408 9 50 2.5«+08 5.02e+06 2000 2514, pCisd
th-232 1568 pritg - . 2.84e+11 10000 2. .B4es07 1) 10 2607 2.5e+D6 o8 50 2.%«H06  5.éerle 2000 25.4 pCifd
Ra-226 3200 pCifg  S.B1erl 1000 5.81e+08 . 10 5.2e+08  5.BeDY 5 50 5,707 1.16e+06 2008 580.6 plisd
Ra-228 . 2200 pCifg 3.90e 1000 3.990H05 90 11 1. 8a08 4. 0eslY 8 50  X.9e+0¢ 798405 2600 002 ptimd
Fb-270 ) 5400 pCifg  9.80e+1Y - 18 9.B0e+10 20 1.75 2_0estl  V.bet1D - 40 1.67 3.1e+10 &4.70el 2000 2.4ee 0T it

" Po-210 S4M pCirg  9.50e11 1000 #.80e+0E i 10 3.BetOE  T.82407 - 50 uie+0T 1 96aHDE 2000 9.8 pcisd -
TGTAL RAD 1 6e+l.15pC'lfu 3. 0e+73 . 1.0es11 2.4e+10 T, Fer10 - 3. 2o+ 10 -# Tet10 2,57 pCird

IIEITES' ta] Organic nitro groups {-M0p) wiil sad 3 Lb/hr before contrel to the HOx emfasions rupurt-d above for nitrntns and nitrites for a total feed HOx
smisgion rate (before control} of 280 lb/hr. In addition, combustion HOX wWill sdd 180 lo/hr short-term maxirin mrl:litlw Thus total ROx frem atl
* goUrces 18 450 ibshr before contral, 320 lb/hr after.
{b} umanl:: chtorine ulll add 0.11 Ibfhr HCL I:efure contral or 0055 l.b,.rhr after l:untrnl to the HEL of imruanil: origin. reported above.
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TABLE 5-4 ‘Average Long-term Controlled Emission Estirnates

Faed -Minimum
Rate  Expected
Long-Term into Soil-to
Contamiciants Average Melter 0ff-gaa
of Concentration Factor
Concarn in waste {lbfhr) (DF)
Solides (PM-103 1.e+Obppfg 10416567 3.3
METALS/METAL1D1DS
- Lead 380 pgig 596 3
arsenic 620 pgfg - &.46 I,
i um 30 agdfg 0.3
selenium S0-pnsy 0.52
marCury & anfg 0.08
ANIONEFACTD -GASES
nitrites (&) 31.5 parg 0,33 1
nitratas (m) 305 mefn 32.19 1
sulfates 3TH0 Ka/g 5990 1
chiorine (b &.6 pgig 0.497 1
fluorine .0 pofg 0.53 i
NITRO-AROMATICS
2.4,6 THT 130 pp/g o135 10000
2.4 ONT i.1 pofe T 000
2,6 DNT &.% ng/fy 0.05 10000
RADIORUCLIDES (pCijd)
-234 582 phifa &, 06 100800
U-2%8 673 pliifg f.01 10000
Th-230 11080 pCifg 115.2% 10000
Th-23%2 12§ ptifyg 1.3 16000
ka-226 571 pLify 3.9 1000
Ra-228 138 plifg ¥k 000
Pb-210 1413 pLifg 14,72 10
Fo-210 1331 pifg = 13.B& 1000
TOTAL #AD 15897 pCifg 145,56

— e Ll

Nomvingl Fesd Rate: 125 o

Off-gas PRIMARY FOUERCH SCIMBER (EJEC-VENT) HIGH-EFFIC. AEROSOLFACID-GAS SCRLMBER  Final Contral led
#asa - : ' . Filter Emission
Flow Minfimm Expected  Solide  Cutleat  Minimum Expacted  Solids  Outlet  Decontam Rate

Contrl Efficisncy Recycle Gae Contrl Efficlency  Memn Ean Factor {LBfhr)
................. Mazz Fiow Mass Flow -------r---------  Blowdoln Nagg Flow 1 HEPA or

(Lb/hry (X EFF) LDF) (te/hry (ibfhr) (X EFF} (BF) {Lb/hr} - {Lb/hry - {DF) (pCisd)

B SFX T %0 0~ 281,58 31,28 o8 50 BG.66  0.4%6 2000  D0.00031 thynr
0,40 20 1.25 .08 0.32 40 167 03 0,150 2006 0.00010 Lb/hr
1.9 i 1.25 0.32 1.57 . i 1.67% 0.43 0.%% 0G0 D.00D4T Lb/hr
.10 20 1.25 0.2 0.08 &0 1.47 0.03 0.050 Z000 000003 lbshe
a.52 20 1.25 8.10 042 &0 1.47 . 017 0.250 2000  0.00013 Lbshr
0.96 20 1,25 .o 0.05 40 1.67 0.0 0.630 t 0.03000 Lbshr
0.33 ¥ 1.08 0.0 0.31 K 1.3% 2.677 0,233 1 0.235 Lb/hr W2
23.88 7 1.08 1.67 .21 25 1.33 55 16.7 1 167 Lh/hr ROZ2
3z.53 50 2 19.97 19.97 B 10 17.97 1.9%¢ 1 1.9965 Lb/hr 502
e.o? 50 2 0.04 .04 w0 10 G.03 0.004 1 G.0055 Lbshr HEL
0.55 50 2 0.28 .28 20 10 0.5 G.028 1 @.0277 Lkshr HF

0.000135 a 1 0.000000 0,.000135 Q 1 0.000000 0.000135 1 0.900%35 lbshr

. 0L O0DDDG ] 1 D.0D0000 0000004 g 1 0.000000 0.000004 1 0.000006 hy/hr

. 2000005 1 1 0.000000 0.000005 0. 1 0,000000 O.DDOO0S 1 0.000005 Lbyhr -

(ptisd) (ptifdy ~ {pCirdd (pCifd)  dptisd) i

©ANe-04 0 10 5.5e-04 b.le-05 25 50 0 5.9e-05 1.2=-08 2000 §.10-10 pCisd
¥ De-0d4 210) 10 &.3e-04 7.0e-D5 - 98- 50 49005  1.48-C& 2000 T.0e-10 pCifd
1.2e-02 0™ 16 1.0e-02 1.2e-03 95 S0 1.1e-03  2.3e-05 o) 1.2e-08 pCifd
1.3e-0& 50 0 1.2e-06 13205 .58 50 1.%3s-05 2.Te-07 200 1.3=-10 plifd
5.9a-03 20 L S.6e-03  5.9c-04 o5 50 5.Be-Dd 1.2e<05 " 2HH) L.9%-0% pCifd
1.4e-03 90 10 13003 1404 8 S0 1.4e-06 2.%e-04 2000 1.52-09 pli/d
1,5er00 20 1.2% 2.9-01 1.2e+ld 4] 1.6F 4. 7e-0t - T.1e-01. 2600 3.58-04 pCisd
t.he-02 bt 10 1.28-02  1.4e-03 " 20 1.4e-03 2.2e-05 2000 Y.4e-08 pCifd
1.5e+00 3301 1 2esD0) i&.te-0f  F.le-m X504 pLifd

NOTES: (a) Organic nitro- groups {-NDz} will add an additional 1% NOX for & total feéd HO; eaission rate of 24.5 Lb/hr before control and 17 lofhr after contrel.
(b) Organic chlorine will add 25% additional HCL, resulting in a total HCl ewission rate of .0BR ib/hr before caritrol end 004G Lb/hr after control.
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Tan = 1.128 (1003 L")(t_r’:”){sfv)'
Ao - ' ' |

Tan is amount ieached during time n (mg)
" Ao it initial amount (mg)
1x is leachabitity index (-log of diffusion mafficle.nt) (cmzfs}
tn is time {5) '
5 is surface area (cmz) '
v is volume (cm’)

Leachability indices range from about 7 (readily leachable) to 15 (immobile). Table 5-5
reports the time required for 100% removal (Ean/Ao=]} of a contaminant from a 0.1-inch-
diameter sphere,

TABLE 5-5 Time to Leach 100% of Contaminants Relative to Leachability Index

-

Leachability Sphere Diarméter of ,1-inch:

Indax Timse 1o Leach
7 38 minutes
8 384 minutes
2 61 hours
10 ~ 606 hours

-1 ' 253 days

- 12 7 years
13 69 years
14 692 yoars
18 6,918 years

Diffusion coefficient, or leachability index data are unavailable for vitrified product.. -
However, TCLP data and geulug:c evidence suggest that very high Lx values are likely (> 14). -
Natuaral volcanic glass (obsidian), ag&datad at several miflion years, typically contains uniform.
trace element concentrations throughout the unit; diffusion-controlled leached rinds are either
absent or are only a few millimeters thick. Zoned plagioclase feldspar crystais, having differing
sodium and calcium conténts within the mineral lattice, remain in specimens age-dated to tens
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of millions of years, Consequently, sotid-state diffusion processes must be very slow to allow
the sodium/calcium zonation o be preserved in these geological samples. ' :

Kinetic calculations demonstrate- that 0.l-inch-diametér glass beads require tens of
millions of years for dissolution, even under relatively aggresswe, natural conditions. Therefore, .
analysis .of the leachability data in the above table suggests that cpntaminants in 0.1-inch-
diameter glass spheres are retained for hundreds to thousands of years. Importantly, it is . .
unlikely that any decrease of the Lx vaiues will be observed over the first few thuusand years -
of wtnﬁed product life.

Silica is the most important chemical in -controlling “contaminant leachability.
Vitrification of material with silica content exceeding 50% by weight will result in a highly
unleachable glass. The lack of sufficient. silica in the raffinate sludges necessitates the addition
of silica-richi soil to the raffinate studge prior to ﬂmﬁcauﬂn in order to produce a non-
devlmﬁable and nonleachable glass.

The slow estimated contaminant release rates are substantiated by teachability testing.

Koegler et al. (1989) demonstrated the effectiveness of vitrification in treating Weldon Spring .

raffinate sludge and soil in a bench-scale test, Samples of the vitrified block were leach-tested
using EP Toxicity procedures and 7-day and 28-day MCC-1 and MCC-3 leach test procedures,
Although the tested glasses were produced by different thermal technologies, the results are.
cumpm‘able to glass produced by fossil fuel-heated oeranuc me.ltmg The results of these fests
are presented below in Tables 5-6, 5-7, and 5-8. :

TABLE 5-6 EP Toxicity Concentrations for- Vitrified Glass

EP Toxicity Cone. Max. Aliowable

for WS Glass Tox. Cono.

{mgAl Irmgft
Arsarde =1.0 - B
Barum 0.04 . 1000
Cadmiurn . -0t 1.0
Laad <1.0 s.0
Chremeurm . =1.0 5.0
Mercury =003 ’ 0.2
Saleniurn : <001 1.0

Sihver <01 . 5.0
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TABLE 5-7 Vitrified Glass 7- Da\r Averagﬁ Leach Test Results for Weldon Sprlng

_ Samples
_ Normelized Eismental Ralsass {g/m?}

MCC-1 ' MCC-3
Aluyrninum 080 . 0.0
Boron - . 0. -0.08
Calgium 1,50 . o 0.28
fromn " ©1.29 0,00
Potaesium ' © 000 008
Sodium ' . 1.20 0.08
SHicen 0480 e 0.04
Yanadium 0,00 : .25
Final pH T .08 .77

TABLE 5-8 Vnnfled Glass 28- Da? Average Lﬁach Test Results for Weldon Spring _

Samples
Normalized Elamenta Relaass (g/md)
MCE-1 ' MCE-3
Aturminum _ 2.77 0.01
Baron : : T 2 o2
Culaiurn 8.72 : 033 -
 lrgn © DG ) .00
Potageium i.87 0.08
Sodium ' : 3.15 : o.11
Silleon : 2.95 .08
Yanudium S -0.00 . 0.8

Anal pH - - BB .79

Laboratory-scale crucible tests of the joule-heated ceramic melter JHCM) Process were
atso performed on samples of Weldon Spring raffinate sludge, raffinate pit clay bottom, and
vicinity soils (Koegler et al. -1989). Results of the leach tests on the vitrified ‘product are
. presented below in Tables 5-9, 5-10, and 5-11. These results are very likely cmnparahie to the -
results from glass pmduoed by a fussﬂ fuel-heated ceramic. mﬂiter '
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TABLE 5-9 EP Toxicity Concentrations for the JHCM Glass

EP Toxicity Cong. . Max. Allgwalble
for WS Glass . Tox,. Gong.
{mgi} _ gl
Aresnle . <1.0 ' ' 5.0
Earlum _ T 004 . 100.0
- Cadmium <007 1.0
Lead . <10 E 50
Chrotmium o210 8.0
Maroury - =003 0.2
Selenium ’ : Co=n 1.0
Silvar . _ <01 : 50
TABLE 5-10 JHCM Glass 7- Day Average Leach Test Results for Weldon Sprmg
Samples
Notmalized Elamamisl Relzase :gl"mzl
© MGC-1 CMCC3
Alurninum : 7.24 0.139
Baron 1.3 ’ 0.26
Calsium . 8.18 + X1 I
Iron 0,48 6.01
Fotasgium . 850 . 0.28
Mohytdanom 10.12 ' Q.85
Sodlum. ' 11,23 T .89
Phozphorous 6.51 010
Sillcon _ ' 8.47 .24
Vanadium, : 12.652 0.28
Final pH 10.G3 ’ ) A1
TABLE 5-11 JHCM Glass 28-Day Average Leach Test Resuits. fur Weldon

Spring Samples

Nommllm:l Elomentel Ralsass Ig.fmzl

MEC-1 WCC-5

Alumtnurm 845 029
Baron . .. 1378 0.30
Caleium . AT - 0.01

Iron .66 6.01
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Potassium 1311 c 0.38

Maobyhdanur X - 1418 p.e2 .
Sodivm o142 : 1.38
Phoephoraus 10.64 (Y-}
Silicon : ) 19.17 : ) 0.37
Wanadiuim . 16.68 032 -
Final pH 2.94 ’ - 11.88

The above data provided b:,r Ka&gler etal. (1989) describes the EP Toxicity test as hawng o

been conducted in deionized water, According to EPA, this test should be conducted in
deionized water w]'uch is adjusted to a pH of 5.0 with 3.5N acetic acid. The report-did not
clearly state if the test hag been conducted under the actua! conditions specified in the EPA
protocol. Whether or not this protocol was followed, it is now required that a waste suspected -
" of being characteristically toxic be tested vsing the TCLP pmthcul rather than the EP Toxicity ..
- protocol. TCLP testing will be perfonned in conjunction wlth further bench-scale or pilot-scate N _
vitrification testing. Ongoing literature review has yet to zdenhf;-,r a vitrified product fallmg o
. TCLP or ‘similar leachmg criferia. : -

The variable chemical {:nmpﬂmtlon of the vitrification plant feed material has-led iﬂ
- concerns regarding glass product quatity, Consequently, the chemical charaf:,tanstlcs of the
Weldon Spring wastes were evaluated (MKES 1992¢), and no operational fatal flaws were found
for fossil fuel-heated ceramic melting. The potential does exist for immiscible phase .
. development in the FFHCM-produced melt. The immiscible phases which may occur could be

iron, sulfide, or sulfate-rich ‘phases, dependmg on the relauve oxidatien and sulfur content of
the melt. : :

A -reducing melt condition would favor the formation of an iron- and/ot- sulfide-
immiscible phase. An iron phase could concentrate cadmium, lead, silver, and copper,
depmdmg upon the emperature of the melt. Tt is unlikely that an iron phase so enrichexl would -
cause the resulting solid io fail the TCLP test for those mntammants It is important to-note that
the short residence time in the melter. will minimize the putent:lal for immiscible phase
.development. ‘The absence of natwg: iron and organic carbon, as a guantitatively significant
portion of the feed will also help prevent development of an, ifnmiscible iron phase. '

A sulfur-rich phase formed in a reducing emmnmmt would nwufest itself as a sulfide
-phase. Again, certain elements, such as copper, silver, zinc, cadmium, mercury, lead,
seleninm, and arsenic, would tend to partition into this phase. Efficient partitioning of these _

contaminants into the sutfide phase during vitrification would yield a sutfide-dominated product . - -

containing anomalously concentrated contaminants. Exposure of this product to oxygenated
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.water oould result in the oxidation of the sulfide mass which would generate an acidie,
contaminant-rich solution, It is possible that the kineticalty slow release of contaminants from:
a silica-encapsulated sulfide mass may allow passage of the TCLP criteria. '

-A sulfur-rich phase formed in an oxidizing me_ltét environment would manifest itself as -
a sulfate phase. A sulfate phase would probably be enriched in magnesium, caleium, strontium, -
barium, radium, uraniom (UQ,2%), lead, and cadmium.  The actual concentration of these
elements in a sutfate phase may have to be determined by measuring the distribution coefficients
‘of these elements. If this phase were in contact with. water, it could dissolve and release
contaminants concentrated in the sulfate phase, probably as gypsum of anhydnta ‘Canceivably,
a cooled sulfate phase could fail the TCLP test for concentrated metals, if not sufficiently
encapsulated by silica. If an immiscible sulfate phase were generated during vitrification of the
Weldon Spring wastes and was found to unfavorably affect the leaching characteristics of the.
" glass produced, this phase could be controlled or eliminated by adjusting the cunlmg rate-of the
product or by op’unnz:mg the redox potential of the melt.-

_ It is important to note that a sulfate phase would be a volumetrically minor :mmt
of the plass. Assuming that none of the sulfate were volatilized or solubilized into the melt and
based on data from the site Remedial Invesugauun repart (DOE 1992b), it is pnsmble that the
- average glass could have approximately 0.775% (volume) to a maximum of 1.83% (volume)
sulfale as CaSO, (anhydrite). Data from Koegler et al. (1939) indicate a much higher SO,
content in the rafﬁnate sludge, whmh would correlate to 5.97% (volume) CaSD4 in the glass

prnducad

The sulfate phase would be dispersed throughout the melt unless enough time were
aliowed for this phase fo become separated from the silica phase and to coalesce. A
volumetrically important quantity of non-silica-encapsulated sulfate phase could only be produced

by quantitatively removing the silica phase from the sulfate phase. “The short residence times . .

. required in existing melting systems will not allow this phase separation to occur. - If a sulfate
. phase does not separate from the melt and coalesce, the sulfate phase will be teapped within the - -
silica phase.. Rapid coeling of this melt would caiise the sulfate phase to remain encapsulated
within the glass, minimizing its ability to leach. Rapid' mnling of the glass would be

accomplished by guenching the melt in water and producing- a fritted product. Other rapid -

eooling methods are available, such as dropping the glass onto a spinning steel platform which
cools the glass and forms marble-like glass lozenges. Either of these production methods should
generate a glass capable of passing the TCLP criteria. Itis important to Testate that a literature
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review did not reveal any data documenting a_i glass product ever failing the TCLP or other leach -
test criteria.

Contaminant toxicity will be mgmﬁcantly decreased by vitrification and 1Sﬂlatmn in an
engineered disposal cell. Organics and nitrate will be destroyed during treatment.. Sulfate will
‘be destroyed or retained in the glass. Certain volatile contaminants will be contained by the off-
. gas treatment system. The contaminants retained in the glass will be immobilized for thousands
of years, only very slowly diffusing from the glass. The vitrified product will be dispesed of
into an on-site UMTRA-type cell or into an off-site disposal cell meeting regulatory standards.
Either cell type will help attenuate radon emissions from the radioactively mntannnatad g]ass '
product and will isolate the pmduct from gmmtdwater and the environment. -

5.3 Ii‘l:v&w,rlzersihiIit;-,Ir of Treatment

The following discussion addresses the degree to which treatment will be irreversible for
each altﬂma.tive. ' ' '

5 3.1 Alternative 1 - Nn Further Amun -

Temporary storage of sml building: debris, and other mate.nals at the MSA and TSA is
reversible. The matenal will be readily available for additional remediation at any tlme

5,32 Alternative 6A - Removal, Chemical Stabilization, aﬁd On-Site Disposal

Chemical solidification/stabilization does- mot produce any irreversible effects.
Contaminants are not destroyed, only immobilized. The immobilization process is alse not
irreversible to the same degree as achieved by vitrification. Contaminants -are typically
attenuated due to adsorption onto ferric hydroxide precipitates, precipitated as relatively insoluble
hydroxide compounds, and/or encapsulated into the cementitious mineral framework.
Cement/fly ash mixiures are known io degrade, typically within fens to a few hundred years.
Upon exposure to infiltrating water, contaminanis may be leached from the CSS product. The
'CSS product is not in an irmeversible state in that it. could potentially be vitrified or
hydrometaliurgically processed. However, CSS product placed in & disposal ce]l whﬂe not
totally irreversible, would be quite difficult to remove after setting has cocurred.
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5.3.3 Alternatives 7A, 7B and 7C - Removal, Vitrification, and On-Site or Off-Site
Dispesal o S

Vitrification results in the irreversible destruction of organic contaminants, nitrate, and
an as yet undetermined amount of sulfate. The capiure of volatile contaminants in the off-gas
treatmerit system may also be irreversible. The quantity and chara;:tensucs of the off-gas
treatment residuals are reported i in Section-5.4. The generation of glass is an irreversible effect.
. Transforming the glass into another nomvitreous product would be. nearly impossible. The
- immobilization of contaminants in the glass matrix can be considered as an irreversible process.
The dissolution rate of silica glass is so very slow that glass grains may exist for millions of
years, while retaining the original contaminants. Glass is resistant 1o chemical attack by most
natural solutions. Disposal of the vitrified glass in.a cell is not considered irreversible in that
the material muld be exhumed in the future. -

54 Type and Quantity of RBSI{!HRIS

Treatment of the Weldon Spnng wastes witl pmduce residuals that must be addressed as

"part of disposal planning. ‘The type and quantity of treatment residuals and the sources and

magnitude of the associated remaining risks are described in the following subsections. In.

addition to processing residuals, there are other remduais that will result from. site. actwltes A
brief discussion nf these Tﬁ.‘ilﬂllﬂlﬂ follows. :

As discussed in. Section 4 excavation and \mluma reduction activities are commaon.
glements of the alternatives under consideration. Conseguently, the level of rematning risk due-
to these two activities is the same for both the CSS and vitrification zlternatives.

Excavation activities will geﬁerate contaminated tires, used equipment parts, and engine, |
transmission, and rear-end-gear box fluids as rﬁuiuals that must be treated and/or managed for
disposal. A greater concem 15 the ability to remove all material with contamiriant concentrations
above a given action limit. Excavation equipment will be selected to remove the contaminated
media based on selectivity and removal capabilities. Backhees can dig deeply downward and
can selectively remove i-foot- to 1.5-foot-thick benches. of material. Front-end loaders can
remove beniches of material only 6 inches thick. Radiometric field instrumentation will be used -
during all excavation activities. These instruments will allow detection and removal of
radiometrically contaminated media to removal criteria Tevels, minimizing rcmdual risks.
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Volume reduction activities witl also result in residvals to be managed, The principﬂ .
treatment residual generated during volumie reduction, other than the sized material, wili be the
contaminated dust from collection hoods, facility baghouse, and final filters used to capture-dust.
For some volume reduction activities, contaminated process water will -require managemvant. ;

Contaminated personal protective eguipment (PPE) will be generahed during all remedial
action activities. It is estimated that more than 5,000 cubic yards of used PPE will be bmﬂed '
and compacted, This residual matmal must also be managed for dlspcsal -

5.4.1 Alternative 1 - No Further Action

Approximately 135 cubic yards per year of residues will be generated by the quarry water
treatment .plant and 135 cubic yards per year generated by the site waier treatment plant,
assuming operation at-90% efficiency. These residues will be processed through the CSS or
vitrification treatment faciity. ;

5.4.2 Alternative 6A - Removal, Chemical Stabilization, and On-site Disposal

Approximately 427,200 cubic yards (619,400 tons) of CSS-treated product will be
produced. Virtually no other residuals will be gesierated by this technology. Washdown water
and sediment will be recycled to the pug mill. The only filters used during the implementation
of this alternative are those used on the fly ash and cement storage silos. These filters will -
likely be disposed of intp the on-site cell, but will likely not be contaminated.. A filter may be. -
included in the building which houses the pug mill; however, since all the equipment is sealed
and all the wastes are wet, dust generation will be minimal. Any contaminated filter will be
disposed’ of within the cell without further treatment, The filters may be placed to allow
_encapsulauun by mhs&quent]y poured CSS product.

Under this alternative, 500 cubic yards of residues will be generated by the quarTy water

treatment and 3,100 cubic yards of residues will be generated by the site water treatment plant
over a plant operating life of 10.years. These quantities are included in the above figures.
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5.4.3 Alernatives 7A, 7B and ?c Remml, v.mﬁcatmn, and On-site or Off-site -
Disposal

Treatment residuals mulnng from the use of . fossil fuel-heated ceramic melter wﬂl _
consist of the 102,500 cubic vards of fritled glass product and the off-gas treatmeni wastes, -

Because it is assumed that the glass product will be placed in an on-site or off-site engineered

disposal cell, the followmg dlSCl.lSSlﬂn centers on the off-gas treatment system residuals.

The off-gas treatment residuals generated durmg vitrification pmcessmg are (1)
quench/scrubber liguid residuals {i.e., blowdown) and (2) finat filtration eguipment residuals
(i.e., used HEPA filters). The quantities of treatment residual solids were calculated based on
an annualized 125-ton-per-day process. All values are mass balance estimates based on a
preliminary conceptual-level off-gas treatment sysiem demgn and on: vendot/literature grods
estimates of melter-to-off-gas emission factors.

Pilot testing of the off-gas treatment system is required to accurately quantify treatment i

residuals requiring disposal. Scrubber residual quantities were estimated based on mass balances .

using worst-case (high residuval quantities), best-case (low residual quantities), and expecwd-case
{expected residual gquantities) scrubber efficiencies and absorbing compounds. The final filtration
residual quantities are based on expected-case. scrubber efficiencies. Conservatively estimated
air emissions, however, will not necessarily correspond to any of these "residual” cases. '

» Scrubber Liguid Residuals :
The off-gas treatment sysiem scrubbers consist of a primary quench scrubber and a

secondary aerosol/acid-gas scrubber. Solids separated from the primary guench

scrubber blowdown slurry will be recycled back to the melter for vitrification. The
remaining liguid will be recycled back into the scrubher afier treatment; Slurry from
the secondary aerosolfacid gas scrubber blowdown. ‘will also require separation.

These solids will require disposal as -contaminated waste- because the elevated
concentrations of volatile metal prohibit recycling back into the melkter. In both
scrubbers, lime or limestone are added to the liquid dunng the treatment process,

significantly increasing the quantity of scrubber blowdown solids requiring disposal. -

Final filtration equipment will be designed psimarily to. control radionuclide and
yolatile metal particulate emissions. Pre-filters and HEPA filters will be used to
reduos these emissions. The pre-filters will be of a cleanable fabric type, from which
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all captured particulates will be recycled back into the melter, or of a deep-bed filter
type, which may also be recycled back into the melter. The HEPA filters will
require disposal at annual intervals. An alternative o direct disposal of the HEPA
filters is to also reprocess them. into the melter. This option will result in a lower
overall volume of residuals requiring dlspusal and in & more secure physicat fonn for
disposal of the radionuclides.

'Ihe follumng scrubhar resﬂual quantities are presented using best-case, worst—case »
and expected-case scenarios for scrubber efficiencies and for absorbing compounds
used. ‘Changes in either the scrubber efficiencies or the type of absorbing compounds
significantly affect the quantities of scrubber residuals. Final filtration residual
quantities reflect expected-case scrubber efficiencies. ' '

»  Serubber Residuals - Worst Case
The worst-case scrubber residual quactity given below is based on a case where
(1) the primary quench scrubber is operating at low efficiency, and the

secondary aerosol/acid gas scrubber is operating at high efficiency and (2) lime

(Ca(OH)y) is the absorbing compound added to the liguid in both scrubbers.
All residuals generated by the primary quench scrubber will be recycied back
into the melter, The acrosol/acid-gas scrubber will generate approximately 837
Ib/hour of residvals requiring disposal as contaminated waste. In this worst-case
scenario, the aerosol/acid gas scrubber will generate approximately 3 666
tons/year of scrubber treatment residuals requiring dl@nsal

»  Scrubber Residuals - Best Case

The best-case scrubber residual quantity given below is based on a case where
(1) the primary guench scrubber is operating at high efficiency, and the
secondary aerosolfacid gas scrubber is operating at fow efficiency and (2)
limestone {CaCD3} is the a‘hsurhmg medium in both scrubbers. In this scenario,
the aerosol/acid gas scrubber will genetate 32 lbs/hour of treatment residuals

" requiring disposal, In this best-case scenario, the aerosol/acid gas scrubber will
generate appmmmately 140 tons/year of s-:::rubher treatment reslduals mqumng. '
mspusal :
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»  Scrubber Residuats - Expected Case '
“The expected-oase scrubber residual quantity represents (1) the most likely -
attainable scrubber efficiencies for both primary and secondary scrubbers and
(2) the use of limestone (CaCO4) as the absorbing compound in both: scrubbers. -
This. scenario will produne an estimated. 137 lbs/hour of treatment residuals that
will ‘require disposal. In this expected-case scenario, the aerosol/acid-gas
‘scrubber will generate approximately 600 tons/year of scrubber treatment
. residuals requiring disposal.

» Fipal Filtration Residoals . : _
‘Preliminary design of each vitrification unit includes a 15,000cfm blower, a
pre-filter, two primary HEPA filter banks, and a secondary HEPA filter bank. . -
Cleanable fabric, or disposable deep-bed fiber, pre-filters will capture an
estimated 99% of the particulates exiting the secondary aerosol scrubber. All
of these solids (0.35 to 2.3 Ths/hr) will be recycled back into the melter for
vitrification. Primary and secondary HEPA filters downstream of the pre-filters

- will coliect most of the remaining particutates. These filters require up 10 7
years to become fully loaded, based on average scrubber efficiencies. -It is
. conservatively estimated that the primary and secondary HEPA filters will be -
replaced annually to maintain a high margm of safety.

Primary and sécondary HEPA filter banks will hold an estimated total of forty-
five 1,000-cfm filters per vitrification unit. This represents a total of 90 HEPA -
filters that wﬂl reguire disposal annpally. Tt is assumed that all of these filtnrs :
can be recy{:led back. mtﬂ the melter for disposal,

If nﬂt recycled, the quantity of HEPA filters that wil reqmre dlspnsal is
est:mated to be 2 880 pounds per year (13.3 yd3fyear}

 Extreme caution must be exercised in extracting sotids disposal quantities from this study
prior to pilot testing. Because melier emissions were based on one test and  scrubber,
efficiencies were selected to conServatively estimate air emissions, and are therefore non- -
conservative for scrubber solids disposal, solids disposal quantities could be mgnlﬁcanﬂy
different from reported values, :
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- Concentrations of contaminants in scrubber residﬁais using worst~case (highest residual
quantities), best-case (lowest residual guantities), and expected-case {expected residual quantities)
scrubber efficiencies are presented in Table 5-12. ' .

Concentration of contaminants in final filtration equipment residuals listed in Table 5-13
are for primary and secondary HEPA filters which will be changed annuaily. Expected-case
scrubber efficiencies are assumed. Thesé concentrations are base on an estimated 90 HEPA
filters requiring disposal for a total weight of 2,880 pounds per year {13.3 yd*/year).

TABLE 5-12 . Concentration of Cuntaminants in Scrubber Residuals

Worst-Cass” ' Baut-Case™ Expocted-Cana™

Contaminant imgfkgh : - imalkgh . (gt
KAt ol s A wtall gl . :
Lead ' 283 : 3,254 1,985
Arganic ' . 1,977 - oo 18,282 10555
Cadmium : : 106 1,058 1]
Setanium " Bga22 . T 16,187 i 3
Meroury . a7 o l.pas . 183
Coppar 18 . 205 .
Hicksl ) 18 238 82
Chremium 2 : 1. B - B
Vanaedium T84 2,148 748
aing : i : 1,477 . 512
odlum Salts

Sulfltea/suifatas . . :

ne CaS0y,  2Ho0 26,500 ' 417,000 157,000
Chlorice av Cally 130 - 3,400 _ ] T80
‘Flupride as CaF g . 20 ' 180 . BO
Hitrate a3 Ca(MD5l, - 143,000 o6 455,000 -
Carbonate au CaCOy 730,000 9% 600 - 28,000
U-234 ' 22x10%% 2.6x10+5 1.0x 108
1-238 26x10+4 34x10+E 1,2¢x 105
Th-230 4.3 x 10+ _ E5x 108 18 x10+5.
Th-232 - 4ox1o0td 54x 10+4 2.2x10%4
Ra-226 2.3x 10+4 © ozax10t a.ax 10+
Ra-228 ' E3x10%2 .- ggxiotd 2.4x 10+%
Po-210 _ 1.4x 106 1.2x30%7 7.4x10%
Po-210 51x 10t T gex10tS 23x10t8

Worgt-cage = Highsat residual quantities
Bopt-cage = Lowsat residual quantities
Expeotad-case = spectad residual quantitiss
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TABLE 5-13 Concentration of CuntaMinahts in Final Filtration Residuais

" Conteminant ' _ Concentration
- MutalsMetallpids (maka) :

Land . 436
Arsanio . 2417
Cadmium E : 126
Solenium . ] : C e
Mercusy _ B
Coppar ’ . 3
Mickel : . : E
Shrornlum ) A4
Vanadium Az
Zinc - 22

Galciym/Sodium Selts gnd Other Solids {ma/ka) 7,338
y-234 ' 427 x 1013
u-zag : : 4,94 10t3
Th-232 : a11x10+4d
Th-232 . 2.46%10%2
Ra-226 4.19%10%2
Ra-226 _ 1.04 x 103
Pb-210 ' " 1.82x 108
Po-210 : ' s.76x 105

Note: Includes HEPA filters only if not recyclad. Pre-filter solide are agsumed racystad.

The.remdua}s generated during off-gas treatment will present a minimal threat upon
disposal inie a cell, either on site or off site. It may be necexsary to use a small, probably
portable, CSS treatment facility to process the treatment residuals prior to transport and disposal.

As with- Altemative ‘6A described previousty, 3,600 cub&c yards of residues will be.

generatéd during the 10-year operating life of the site and quarry water maatment plants and are
included in the vitrification plant feed:
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6 ADEQUACY AND RELIABILITY OF CONTROLS

. The following discussion addmsses the hkellhucd that the treatment technalogles under
-consideration will meet required cfﬁmrmm or performance specifications. Included in this
discussion are the type and degree of long-term management required, the requirements for long-
term monitoring, the operation and maintenance functions performed, difficulties and -
uncertainties associated with' long-term operation and maintenance, the potential need for
replaceinent of technicai components, the degree of confidence that controls can adequately
handle potential prnblems, am:'l the uncertainties asmclaiad wrlth land dlspusal of remduais and
‘untreated wastes, .

6.1  Alternative 1 - No Furmeir Action

The lnng-term reliability of the containment systems in place at the tampnrary storage.
area (TSA), material staging area (MSA), and the site and quarry water treatment planis will be
low. If maintenance is not provided beyond the 10-year design life, the systems are at tisk of
failure caused by degradation of the synthetic liners from ultraviolet light, deterioration of the-
subbase from settlement, operational stresses, wind abrasion, freeze—thaw cycles, and erosion
from direct precipitation and runoff. - These systems are not designed to provide long-term .
profection. The performance of these contairment systems relies on’ site security and the
institutional controls which are curreatly in place. | ' .

. Selection of the no further action alternative would mean ihat existing souice areas,
including the raffinate pits, would remain unabated and would confinue to be a source of
contaminant migration. Also remaining would be a potential for rffinate pit dike failure and
direct release of contaminants to the surrounding environment.

6.2  Alternative 6A - Removal, Chemical Slabilimtiun and On-site Disposal

Pug nnll-med:ated chemical - solidification/stabilization (CSS) technology is a well
established and understood process. The described CSS treatment system can be designed to
meet process efficiencies and perfunnance specifications. All of the equipment used in the

- postulated CSS system have well documented performance histories. The systern uses standard,
readily available equipment thus minimizing any concerns regarding replacément of technical
components. In addition, the system layout is relatively uncomplicated and readily accessible
for repair and parts replaa:ement No difficulties are anticipated with long-term mmntenance
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Operating efficiency will be greatly aided by the fact that the CSS system will only operaie 1 -
shift per day, 5-days per week. The scheduled downtime will allow repairs to be performed off
shift without impacting the productivity of the system. The system described in this alternative
is demgned to operate at the budgeted throughput with time allocated for repairs during operating’
hours. A 15% overdesign capacity is-also incorporated. In addition, it has been shown that a
~ CSS5 plant, after a shakedown period, can periodicatly e.meed 1ts design productivity. '

Controls associated with the CSS treatment facility include proceduralized, syster'natic
operations with key monitoring and sampling points to ensure consistent product quality; strict
operating specifications for feed preparation; and monitoring and engmeenng controls in place
to detect and control oemmt and reagent emissions, : :

‘The CSS alternative involves disposal of treated and untreated wastes in an UMTRA-type

- engineered cell incorporating the components of a RCRA disposal facility. The individual

controis within the disposal facility containment system include a double liner, a leachate
collection and removal system, a leak detection systern, a radon barrier, an infiltration bartier,
A COVET am:l institutional controls such as fencing and deed restrictions. These controls provide
some measure of redundancy and are designed to perform as an integrated system; Hmdmdual -
components fail, the redundancy of controls will ensure that the system remams intact unless a

combination of failures occurs, which is very unlikely. '

Settlement of the waste within the cell should be minimal due 10-the structural strength
of the grout-like CSS product and the compacted soil-cement waste. Previous bench-scale tests
indicated that CSS products generated from raffinate sludge-had unconfined compressive -strength
values into the hundreds of pounds per square inch; values far exceeding the required 30 psi
value. Void spaces can be almost eliminated as large pieces of debris can literally be gmuhad
into place, minimizing waste setﬂmg in the cell. :

Long-term maintenance of the cell cover and leachate collection system and continuation )
of groundwater monitoring will be required. Ongoing treatment of leachate in the water
treatment plant may be tequired over the short term. Leachate production should cease,
however, once the cell is closed and water introduced during construction has drained.

Although there are unne:ﬁi_nﬁcs associated with land disposal of mﬂiplugim]ly
contaminated materials, at present these are no other reasonable aliernatives. These unceriainties
are minimized by treating the contaminated wastes and placing 'ﬂ'lert_t in an engineered disposal

- facility such as that proposed for the Weldon Spring wastes.
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63 Alternatives 7A, 7B and 7C - Removal, Vitrification, and On-Site av Off-Site
Disposal B g "

It is probable that the fassﬂ fuel~heawd ceramic melter (FFHCM} system under
consideration will meet required process efficiency and perfonnanne specifications.  Two.
parallel, ‘yet independent, melter system trains are planned. - Donsequmﬂy, if one system is
down for repairs, the other system will continue to operate. Furthermore, the equipment was
sized 1o allow for sufficient scheduled downtiine to perform both routine maintenance and mgjor
repair aclivities. An additional 15% overdesign throughput capac;ty was also ingorporated into
the system o help ensure throughput demands are met. The use. of the fossil fuel as a heat
~ source also allows immediate modification of the melter operating temperature. The abﬂ.lty to
quickly change melt tempesatures will aid in controlling variability in meit viscosity and phase
immiscibility dve 1o chemical vasiation in the feed. Use of well established grinding technology
to prepare the feed will also assist in maintaining the destgned melter throughput. The proposed
melter is quite similar to those used in the commercial glass industry, Glass industry melters
typically maintain 90% operating efficiency over years of nperauon and often achieve or exceed

the de.mgn pmductmn capamty

Performance of the off-gas u*eatment system is more difficult to accurately f‘urbcast The -
proposed equipment, while maintaining 90% availability in jﬁule-heated ceramic melters, does
not have a long enough history in FFHCM applications to allc-w definitive statements to'be made
regarding its probable performance. During pilot:-scale testing, the off-gas system could be
optimized and designed to allow 90% availability. - '

Poteatial need for replacement of technical parts is not a concern, Time has been allotted
to repair the vitrification system and relatively common parts and repair techniques will be used.
The ability of FFHCM technology to handle a wide range of wasie feed, the ability to rapidly
control temperature, and she vse of a sophisticated and effective off-gas treatment system with-
the capability of recycling off-gas for further treatment altows a reasonable degree of confidence
" that the proposed system .can meet performance speclﬁcatmns with minimal operatmnal
difficulties.

Difficulties associated with the long-term maintenance are related to the disposal ceit, not .

with the melter or the vitrified product, and are similar regardless of an on-site or off-site cell -

location. As previousty described, this alternative uses separate engineered disposal cells for’
the vitrified and the untreated wastes. Long-term: monitoring of the vitrified and untreated waste
disposal cells will focus on cell cover integrity and groundwater monitoring. Operation and
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maintenance functions will emphasize cell cover repair due to erosion and seisling. Seitling uf :
the wastes within the cell may be exacerbawd by incomplete filling of voids around large pieces
of debris.

The durability and leach resistant characteristics-of the vitrified material provide a basis
for constructing a disposal facility with reduced engineering controls compared io those required
for the CSS-treated wastes in Alternative 6A. The proposed cell for vitrified waste will include
a bottom iner consisting of compacted in-place soils (compacted clay) and a cover system
simitar to the combination cell used to contain C5S-treated wastes. The fritted product will
likely exhibit friction angles that may tesult in slope stability concerns. ' Therefore, it is proposed
1o construct the cell below ground to minimize those concerns. In addition, an LCRS is not
required since the glass product is essentially inert, and infiltrating water is not likely to puck.
up high concentrations of contaminanis. Since an LCRS is not required, associated maintenance
or treatment of leachate is also not raqmred Reduced cover mmntenance is also anticipated,
since the vitrified material will be relatively homogeneous s¢ differential setﬂemmt will be of .
less concern and erosion will be reduced due to the flat cover slope. '

The cell proposed for containment of the untreated wastes will be very similar to the
combination cell described in the CSS alternative. The oaly differences are the use of a single .
liner instead of a double Liner and the elimination of the leachate detection system. Since all
I'ughly contaminated materials will be contained in the vitrified-waste cell, this facility does not
tequire the redundancy provided by the second liner and leachate detection system. These
deletions will reduce the adequacy and reliability - of the disposal facility controls; however,
overall reliability is not compromised considering the waste form. Monitoring and maintenance
wilt be similar to that described for she CSS alternative. Also similar to the combination cell,
the facility will be cnnstructe:d above ground, which facilitates monitoring and maintmm'rce uf
the cell
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7 IMPLEMENTABILITY

_ Im1:|1v;-,rrl-s.-m:ia.hutl1t3|r involves. both the technical and adnnmsu'atwe feasibility of executing '
a technology. Aspects of 1mplementah1!1ty 10 be considered during evaluation of a technology
include the availability of necessary equipment and skilied workers, and the avaﬂabﬂtty of
services and materials that may be required for 1mp1eme:nmtmm

7.1 Avnﬂahihty of Pruspechve Tedmnluglﬁ

This subsection descnhes the a\raﬂahﬂlty of the prospective technologies by alternative,
the number of vendors offering the technology, and whether additional technulogy develapmt
is required prior to implementation.

" 7.1.1 No Further Action

Treatment technologies will not be used. Standard environmental monitoring of the site
will mnunua, and maintenance of the MSA and TSA will be required.

7.1.2 Chemical Solidification/Stabilization

The proposed pug mill-blended CS$ technology is an established process that has been
demonstrated to be effective for hazardous wastes. CSS technology does not require further
development before it can be implemented because it is an EPA-accepted technology. This
technology i3 readily available for full-scale use as iliustrated by the following tables. €SS
technology has been implemented at the sites listed in Table 7-1 and 7-2 where the volume of
waste to be treated has exceeded 100,000 cubic yards.

TABLE 7-1 Wastes Treated with CSS Technology

Treatmant
Gite Conamninants _ ] Voluma (i)
Marathon Staal, AZ ’ Weetal. gluglgee 150,000
ENRECO, KY ' Orgenic shidges 120,000
N.E. Rofinary : : Organice and matals ' 100,400
Vickery, OH Acid and organle sludges _ 235,000
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TABLE 7-1 Wastes Treatad with CSE Technology {Continued}

. S . © Treatment
Site . © Contamihante. Volume [yd"
Gurley Pit, AR ' Organios and metala ' - HD,Dbﬁ .

Couglasavila, PA . Organice and matafs . 250,000

The waste materials being treated at the Marathon Steel, ‘N.E. Refinery, and
-Douglasswl]e: sites are similar to waste at the Weldon Spring site.. The details.of these CSS case
studies are presented in Table 7-2.

Metal sludges are also being ireated at several other sites, but the treatment volumes are
less than 100,000 cubic yards, ' ' '

.13 Vitrification

Fossil fuel-heated cetamic meiters are widely used in the glass manufacturing industry:
An estimated 95% of manufactured glass is processed using FFHCM technology. Consequently,
the FFHCM technology used in the glass-making industry is in full-scale i_ilevelopment. Fossil
fuel-heated ceramic melters, avaiiable from the commercial glass manufacturing industry, could
probably be modified to process the Weldon Spring site wastes, However, modification of the
system to exceed the capabilities of the Vortec system would be difficult. It may be advisable,
therefore, to use a system that already incorporates these modifications such as the Voitec
system. - ' :

Adaptation of the FFHCM technology to the treatment of radioactive and chemically

" contaminated waste is currently only in the pilot-scale stage of development. FFHCM

_ technology has not been used for full-scale remediation -of any chemically contaminated or
radioactive wastes, Pilot-scale plants, with throughput capacities in the range of 25 tons of glass

per day, are available. FFHCM systems adaptable for use at Weldon Spring are also available,

Increasing the throughput capacity of these pilot-scale plants to the capacity necessary for the
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TABLE 7-2 CSS Case Studias

Treatment

Chemical Parcantsgea iBatchf  Dispossl Volume
Sitel Contaminant Traatmeant Phyzsleal Fratramtment . Binder(s| Contiruous  |On-wite/ Incramss Scale of
Contractor {Concentration) Volurme (yd® Farm {¥ M) Binder  Addsd In Situ) Oﬁml L) Ogperation
Marathon $tu.a! Pb, Cd 180, 0G0 Dry - M . Portand cement 'v'ur].id 7-15% Concreta Landfill NA - Fudl soale
Phoandx, AZ Iandhll and gilcates [ annam) bateh
Silicat, Tach. (Toxacey) 1™ plant
Unnamad ~ Vinyl shloride 180,000 Shdges, Y Portiand cement Vaored 25+  Insitw On-site  >7-0% Full soale
Kontucky Ethylsne vanabla “and propristary : (2 sacura}
ENREL( ’ colls buit
. on afte)
N.E. Refinery O shudges, 100,000 Sludges, N Kindust ihigh ~ ~Varisd, 15-30% In situ Onsite  >Varied,. - Full soole
EMRECO Pb, Cr, As variabbs Calr contant} - 20% :
average
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timely processing of Weldon Spﬁng site wastes (125 tons of glass per day) should be achievable
with mimimal difficulty. The throughput necessary to mect the project schedule requires a
relatively modest scale-up of the existing pilot-scale plants.

The preliminary conceptyal FFHCM plant discussed in Section 4 also requires a
pretreatment circuit to reduce the feed material to an acceptable size. The technology reqmred -
for the proposed pretreatment clrcuit js. readily available, ' .

The off-gas treatment system for the FFHCM however, is not well defined. Although :
off-gas treatment systems are used to process off-gas from joule-heated ceramic melting of high-
level radicactive wastes, additional conceptual design, and bencli- and pllut-scala testing witl be -
. required to define the optimal off-gas tréatment equipment for the FFHCM system suggested for
use at the Weldon Spring site. An off-gas treatment system optimized for the Weldon Spring
. Site wastes will need to be designed regardless of the melter sysiem chosen. Although the off- -
© gas treatment system  will utilize standard and readily available components, additional
conceptual design and testing is needed to determine the specific equipment and mnﬁguratlcm
It is likely that an off-gas treatment system can be designed to meet virtually any regulatory
criteria. However, as complexity increases, operational problems could develop which could .
impact scheduled throughput of feed. A limited history and database for this application of an
off-gas treatment system means that a significant amount of work will be initially required in -
getting the system to work. Eventually, system optimizations can be formulated and completed.

Vitrification, using joute-heated ceramic melters, is commonly used to treat high-level
radioactive wastes. Tabie 7-3 lists, by location, the quantities of high-level radioactive waste
processed by joule-heated ceramic melters. Fifteen vendors have been identified for electrically
based -(joule-heated ceramic meltess, plasma arc torch and in situ) vitrification technologies. -

TABLE 7-3 High-Level Radioactive Waste Processed by JHCM

Vitrlfind

{onation Waste Typa . . ) Quanitity

Huantard, WA Tranauranic-ganteminated . 450 tors
1]

._hmu]d- AFB, TH . © Petrolapseall libicants and _ 15 tons

hoavy matal constitusnts
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TABLE 7-3 High-Level Radioactive Waste Processed by JHCM {(Continued) -

Locetion _ o Waste Tyoe . Quenety
PAMELA Plant, Mol, Belgium - High-level liguid weste : 350 tons -
. PNL, .I-'iinhlund. W, -Radioactive . - : 5 tanx
Saliafiakl ' _ High-lavel Houid wasts _ - not reparted
Savarnah River Mlant, SC _ Hﬂl-lm Trquid .was’u.r 30,000 gatlons
. . {to ba trastad)
Wart Vallsy Demonstration : | . _' High-level liguid waste 88 metric tohg

Project, NY

7.2 Availability of Equipment and Specialists

‘This subsection discusses the am:lablllty of the eqmpment and specmhsts mqmred to '_ ;

implement the proposed treatment technologies. Equipment and experienced employees should .
be readily available for the CSS altemative, Although equipment for the vitrification alternative
is available, an experienced work force may be more difficult to focate due to the limited use
-of vitrification technology in treating radioactive or chemically contaminated wastes.

7.2.1 Altermative 1 - No l_'-‘url:her Action

Light construction eguiptent will be required for maintenance of the MSA, TSA, and
other site facilities. Specialist will be required for environmental monitoring, and laborers
needed for maintenance activities, Trained uperators for the water treatment plants will be’

7.2.2 Alternative 6A - Removal, Chemical Solidification, and On-Site Disposal
The proposed pug mill-mediated CSS téchnology employs readily available and -
commonly used equipment. In addition, the overall relatively standard design of the system will

allow for efficient construction. and operation. A large amount of ASTM Class F fly ash and -
Type II Portland cement will be consumed during the CSS processing of the Welden' Spring -
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wastes, Threr: Portiand cement vendors were contacted to detemine adequacy of local oement
'supphes These vendors are located within a few hundred miles of the site. Each vendor
assured that adequate cement would be available. A loc:al power company source also indicated -
that adequate ASTM Class F fly ash could be supphﬂd o '-

7.2.2.1 Eqmpment. Analys:s of the CSS system eqmprnent indicates that onl;,r very
common equipment, widely used in the construction, precious metal heap leaching, and -
hazardous waste remediation industries, is included. Consequently, construction of the proposed
system will not be limited by the availability of equipmént, The CSS equipment list is shown
in Table 7-4. | - o

TABLE 7-4 CS85 Equlpment List

Total

Itarn Coscription Cost (3)
T-101 SlurryMixer Tank {25 HP) . " 85000
T-102 - 42,6850 ft* Cament Silo 77,500
©T-103,104,105,108 15,000 ft* Fly ash Silos T 265,000
A-101 20 CFM{150 pai Air Compressor (1.5 HP} 1,500
c-101 115 foot Horizontal Seraw Convayar (30 HPY 25,000
C-102 80 foot 25* Scraw Conveyor (30 HF) 20,000
M-102 MixarProduet Tank {75 HP} 75,000
5-101 Slug ge/Slurry Pumg 175 HP) 85,000
P-ig Pug Mill 1100 HF} _ ' 400K -
A-1G1 _Apron Feedar {15 HP 7.500
F-101,102,103,104, Volumetric Faadser {1.5 HP) : TOY7E00
Y-101 Vikrating Soraen (5 HF) 12,068
H-1g2 ' Live Bettam Bl (50 HF} A5,000
T-107 Frugk Dumgp . 15,000
Bullding {50* x 40°) 108,000
Cat. 966E Front-End Loader _ 178,000
TOTAL 1,029,000

_ 7.2.2.2 Manpower. The proposed CSS alternative will require an estimated 3.5 general
laboters to operate the CSS facility, A minimum of 2 years of related industrial work
. experience will be required; however, specialized, formal training is not necessary. An
estimated 2.5 maintenance personnel are required to repair and maintain the equipment.
Tourneyman-level machine repairman, millwright, electrician, plumber specialties are required.
One and one-half equivalent supervisors, 1.25 laboratory, and 1.5 administrative emplu}rees w:ll
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aiso be required for plant operation, These employees will also be required to have a minimum.
of 2 years of related industrial experience. All employees involved with actual plant opetation
will be required to complete a 40-hour OSHA-approved trmmng course (lﬂ CFR 1910,120}, as
well as required 8-hour annual refresher classes.

The effective and efficient operation of .any relatively complex technical system is
dependent on the capability and experience of the operation supervisor, Although it will notbe -
necessary for this individual to have a civil or process technology engineering degree; related
project experience is required. . Theideal candidate will have experience in the CSS treatmenit
of hazardous wastes. The EPA regards CSS technology as a provei remedial treatment and has
approved its use at 62 NPL sites (Chemical Engineering ngmss 1991). Use of this technology
at NPL and other sifes will have develope:d an experienced pool of supervisors from which a
" candidate can be drawn,

Itis 1mportant to note that nperatmn of the propcrsed CSS facility is-hot anumpated o be
very difficult. Once further testing has optimized a reagent 1o waste blend the primary role of
the plant supervisor/superintendent is to minimize deviation from the proposed blend during
operation,  Continval bench-scale testing of future processed wastes will help determine
modifications to the base case blend to optimize product quality in. terms of contaminant
immobilization and compressive strength.  Variations. in feed characteristics will hkely'
necessitate some operational responses, such as perhaps adding in reagents to accelerate grout
set time, modification of the cement/fly ash blerd or additive ratio, or the use of other CS§
. reagenis such as bentonite, zeolites, or ion exchange resins to yield an acceptable product. - The
ideal supervisor will understand when and how operational modifications can correct potenfial -
product quality flaws and maintain product quality and throughput.

" The wide use of pug mills in a variety of applications will krave developed an relatively:
large pool of operators. and mainfenance personnel from which to draw. [mportantly, the
relatively uncomplicated nature of the CSS system will not require very experienced Or

sophisticated operators to ensure adequate product quality and scheduled throughput o be '

- achieved. To achieve adequate product quality it will be vital that the operators sirictly adhere
‘to the operation QA/QC procedures. As detailed above, a more limited workforce of
supervisors should be available. '
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7.2.3 Alternatives Tﬁ, 7B and 7C - Rumwsl Vitrﬂ'icatinn, and On-Site and Off-Site
' Illsposal :

7.2.3.1 Equipme.nt. As shown in Table 7-5, the: vitrification system is comptised of
pretreatment circuits, tha melter asscmhly, and an off-gas treatment system

TABLE 7-5 FFHCM Equipment List

Seugription

Dowataring squipmant

Raffinate Sludge Pretreatmant

Soil and Clay Bottom Pratrastmsnt
Fasding and Bisnding Equipment
vitrification/Product Handling
OHi-Gas Troatment Syetarm '
Buildirgs '

The availability of éach of these component devices is discussed below.

Dewatering Systemn
All of the eguipment required for dewatering is rea:iﬂy available from vendors and
is widely used in- commercial process plams :

" Pretreatment Clrcults

Ali of the equipment used in the pretreatment cireuifs iy mdﬂy available from many
vendors. This type of equipment is widely used in the mmmg industry and can be
easily and quickly obtained. :

Melter System .
The Vortec, Ine, fossil fuel-hﬂated Ceramic meltar is available for use as the
vitrification technology. Vortec is able to manufacture a production-level melter

 capable of processing the required throughput.of wastes. Presently, a 25-ton-per-day
system is available and Vortec personnel have repeatedly stated that 100-ton-per-day .-

melter systems can be readily constructed. Additionally, it may be possible to -
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modify fossil fuel-heated ceramic melters used in the glass mdustry to process the
Weldon Spring site wastes since an estimated 95% of manufactured glass employs
this technology. This modification could be difficult and would not likely yield a
system as effective as the Vortec melter, ' '

Off-Gas Treatment System

The off-gas treatment system will use standard equipment that is-readily available.
However, further conceptual design and bench-, and pilot-scale testing of the system
will be required prior to-installation. Vendors speciatizing in off-gas treatment -
system design and construction are available to assist with sysiem development and
testing. Whereas the off-gas treatment system will utilize common devices, the
selected devices and their configuration have yet to be deﬁhed, tested, and optimized.

7.2.3.2 Manpnwer. The-total manpower reqmred to operate and maintain the phys:cal
pretreatment and melting circits is summanzad below in Tabie 7-6:

TABLE 7-6 . Manpower Requirements for Vitrification Facitity

Clreqlt . Type of Paracnnsl Nurnbar Raquired
 Pratreatmant Suparvizor : 1

-  Dparators 2

- Maintenarnce 1.5

- Equipment Operators ’ .
halter Fracess Engineer . 1

" - Operators 4

" . Mainterianca : 45

* Laborars 4

A process engineer. will be in charge of the operation of both the physi‘cal pretreatment
and melting circuits and also act as.the supervisor for the melting circuit, This engineer will -
be a degreed engineer with a chemmal mﬂallurg:ca] or ceramic background. '

_ The melter circuit wilk npérate 3 shifts per day, 7 days per week. Ome - operator is

required for each shift to monitor melter operation to assure that the melter is operating at the
required. temperatures and production rates and that emissions are in compliance. One
maintenance person is required per shift to conduct n:quii'esd' regular maintenance and to effect
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~ repairs when necessary; an additinna] maintenance person on a single shift wilt spiit his/her time
between the pre-treatment and mielter circuit. One laborer is required per shift to collect shift
product samples, move product collections bins, and assist maintepance personnel as necessa:}r

" A Supervisor is requ:red to oversee bnth pretlmtment c:rcults This mdmdual will have .
previous materials sizing/grinding experience; a coliege degree in a related discipline is desirable
‘but not necessary. An operator is assigned to each individual pretreatment circuit: raffinate

sludge or quarry soil and cliy bottom. These operators will monitor the operation of their o

. respective Circuits to assure equipment is operating at required rates and up to- speclﬁmﬁon
Two maintenance personnel will work together to maintain all three circuits and affect repairs
~ when necessary. The two equipment operators will operate the loaders which will be used to .
feed the guarry soil or the clay boftom to the circuit. These operators wﬂlalsubeavmlabietn '
assist the mmntenance crew or with operations at the melter. - : '

This work force will be supported by laboratory technicians and aﬂmlmsu'atwe pmonnﬂl
‘The operators and maintenance persmmel will require related industrial work experience. 'The
number of operators and maintenance personnel with previous experience in the vitrification of
hazardous waste is limited, but these personnel could be drawn from the commercial glass-
" making industry or the high-level radioactive waste vitrification industry. Operators and repair
| personnel may also potentially be drawn from the incineration industry, where experience in
operating and maintaining the off-gas treatment system will be important. Locating operators
“and repairmen with previous vitrification expemmce will. not be as critical as. lucaung an
experienced supervisor/ supea‘mtendant

There are no degree requirements for operators and mainheﬁﬁnoe personnel — oaly
adequate industrial work experience. Maintenanice personnel- will be required to have
- journeyman-level training as machine repairmen, millwrights, electricians, and plumbers,

As with any relatively complicated technical $ystem a capable and experienced process”
engineer/superintendent will be critical in the efficient and effective operation of the FFHCM. -
Locating a degreed engineer with both the appropriate educational background and experience
may be difficult. Suitable candidates may be drawn. from the glass industry, high level

tadicactive waste vitrification, or incineration industry. The lack of a full scale FFHCM unit . o

for treating hazardous or low level waste has not allowed a large, well trained work force to
develop. Vortec Corporation has experience in training their own _npemtnrs and can assist in
.locating and training a qualified process engineer. :
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All workers will be required 1o have completed an OSHA-approved 40-hour hazardous
waste training course. The vendors selecied to design and construct the vitrification and off-gas
treatment circuits will train the process engineer, the operators, and the maintenance technicians
during the pilot-scale testing period and the shakedown period for the full-scale plant.

7.3 Ability to Construct and Operate

This subsection focuses on the difficulties associated with the construction and operation

-of the technologies. It is important 1o note that these fwo criteria do not equally apply to the
* activities associated with the different aiternatives. For example, the faciliies for both the
vitrification and CSS alternatives can be easily constructed, The operational aspects of the two

technologies is of greater significance. Conversely, whereas the disposal cell has tminimal - ;

. operational activities, its constructibility is of greater importance. The following discussion will __
therefore emphasize the ability to operate the: two candidate technologies rather than their

constructibility and the constructibility of the disposal cells rather than their operation,
7.3.1 Alternative 1 — No Further Action
No additional construction will occur under the no further action alternative, Institutional -

controls will be maintained and the water treatment facilities will continue to operate The
MSA, TSA, and water treatment plants have a design life of 10 years.

'7.3.2 Alternative 6A - Removal, Chemical Stabilization, and On-site Disposal

Constructibility of the CSS facility will not pose any problems. Pug mills are routinely

built as part of construction, mining, and hazardous waste remediation projects. All of the. -

necessary equipment is readily available, The proposed pug mill-based system will likely. be
much easier to operate than the proposed vitrification plant. The CSS plant utilizes relatively
simple and well understood equipment, Most of the operational eomcern will deal with
maintaining an acceptable water content in the raffinate slurry and mrrectljr metermg reagents.
Both activities should be accomplished with minimal difficuity.

Operational problems will undoubtedly arise during CSS treatment. - However,. an
experienced supemsorfsupenntendent should be able to anticipate, Tecognize, and resolve these
problems through operational respenses. For example, grout setting times can be modified

through the use of set accelerators or inhibitors. Bentonite or aggipulgite can assist with
- controlling variable water content, and Zeolites, ion exchange reagents and chemical reagents can
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enhance contaminant jmmobilization. Use of these and other grout-modifying reagents can be
optimized -during on-going testing. It is anticipated that the CSS facility can reach des:gn
throughput in a matter of a few weeks at which time ophnnzatmn of the system witl begm

The optimization penod_ for the CSS plant can be contrasted with the start-up penod of
the vitrification facility in that a large amount of effort will likely be required to start up the
vitrification off-gas treatment system, whereas the CSS activities after start-up will be directed . -
at improving productivity in an-already furictioning plant. A relatwgly short optimization pe.nod
s the result of CSS technology having been established as a proven rcmedml method which has
been used at 62 NPL sites (Chemical Engineering Progress 1991) ' o

The CSS feed systems emplﬂy silo mgtenng dewces which deliver waste-and reagﬂits '
1o a screw conveyor for transport to the pug mill, Thorough mixing of reagents will be ensured
during. screw transportation prior to blending with wastes. . Proper calibration and mnmtormg '
during operation will-ensute the specified waste-to-reagent blertd and feed rate. These systems
are typically trouble-free and reliable, Waste delivery and reagent consumption records will
assist in the daily and weekly calibration and adjustment of the melering devices.

_ The pug mill is a relatively simple and trouble-free system. Visual monitoring of the.
~ CSS mixture in the pug-mill and in the storage hopper will identify the need for upstream system
adjustment or water addition at the pug mill. Because throughput is relatively fast, rcal time
modifications can be made to the grout. Grout thought 16 have been improperly formulatid -
could potentialty be recycled to the system via the soil feed circuit. If it was not immediately -
possible to recycle-misformulated grout to the CSS system, a strong set inhibitor could be added

" 1o the grout, such as sugar, to prevent setting prior to reprocessing. Similarly, a dissolved sugar
solution could be added to the pug mill and product discharge system in the event of a power
failure to prevent sethng during reestablishment of electrical power or while switching to an on-
site generator. A backup auxiliary generator would assure discharge of the grout mix in the
event of a pnwer faiture. Soil processing will require careful water addition to allow full
hydration of the soil-cement ‘mixture, Visual monitoring of the product with direct addition of
water to the pug mitl should ensure a fully hydrated product. Additional water may be required
1o allow the pumping of the grout to the product holding tank. An excessively dry grout could.
tax the capability of the positive displacement pump, which transfers grout from the pug mill
- discharge to the holding tank. Careful and minimal water addmcm ghould decrease gmut
viscosity to facilitate pumping.
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Preumatic transferral of cement and fiy ash from delivery trucks to storage silos is
-planned. This is the common transferral methods for these reagents. Separate manifolds for
. the eement and fly ash silos will allow transferral of one seagent should a mechanical failure in
the other transfer system occur. Since these units operate off a simple air compression s;,rstem
- it is unlikely that this problems in thls system will hamper facility operation.

_ Although the above discussion is not intended as a comprehensive operauun response

plan, it does provide insight into the types of simple yet effective activities that can be
implemented to resolve potential operational problems. None of the response activities are very
complex, and they will help ensure effective operation of the CSS plant.

The design and construction of the RCRA-type engmeered cell is also well undemtnod
. Although somewhat harder to construct than a sanitary-type landfill cell, a RCRA ‘cell can be
efficiensty constructed. Some additional studies would likely be necessary to determine optimal
grout placement and compaction methods; however, these studies are refated to sat&-spemﬁc
optimizations.

7.3.3 Alernatives 7A, 7B and ’.-'C Removal, Vitriﬁcatmn, and Un—Site or O-Site
Ihspusal S

A stawd ahove, the construction of the vitrification facility can be readily accotmplished.
Of greater significance is the ability to operate the system. The vitrification facility is composed
of three separate systems: a pretreatment circuit; @ melter; and an off-gas treatment system. 'I11e _
following discussion focuses on the operational aspects of each of these components, -

 7.3.3.1 Pretreatment Circuit. The pretreatment circuit uses readily available and well
anderstood sizing reduction equipment which is very widely used in the mining industry. The
operation of similar types of grinding circuits at many mines suggests that this component of the
vitrification system will not pose significant operational problems. The proposed pretreatment
circuit does not employ any unusual or untested sizing reduction techniques. The Weldon Spring

- site wastes are unlikely to pose any grinding problems, although this has not yet been tested.

Sizing reduction and grinding technology has developed to the point where almost any '
grindability problem can be solved using availabie and tested equipment.

7.3.3.2 Melter System. The melter sysiem, as designed by Vortec should not pose
serious operational difficulties. The Vortec system is based on modification of commercial glass
" manufacturing melters. The experience derived from this parent technology. will provide

mousersjrannsigonzaleatieaal f-ravies plil 12 7-13




important insight into the operational- complexity of the \r'urte:c system Glass meliers often
schieve 90% continuous availability, suggesting ease of operation once the system is opumm _
‘Downtime is relawd to on-going prevenuve mamtenam:e and repair. .

-

The Vortec sysiem can be designed to operate largel}r by mmputm‘ Operanonal
experience gained by Vortec personnel, during pilot scale testing, suggests that a combination -
of computerized and himan oversight of melter operation is optimal, Numerous thermocouples
and heat detectors located strategically throughout the melter system continuously monitor
temperatares. The use of fossil fuel as an energy source allows ‘real time temperature
modifications to be achieved. Refractory corrosion ¢an be a problem with any vitrification
technology. However, tefractories with design lives of 5 years will be installed, which exceeds

" the anticipated duration of vitrification operation for the Weldon Spring site. .

The lack of any actual fuli-scale operation of the Vortec melter system suggests that
operational problems may develop diring start-up that may impact the process schedule.
However, it is likely that these problems can be solved by a capable supervisor\superintendent,
assisted by Vortec personnel. - ' '

7.3.3.3 .Of-Gas Treatment Systein. The components in this treatment sysiém may

-cause the most significant operational pmblems for the vitrification alternative. Although the

capabilities of the individual off-gas treatment components are known, the effacts of lmhng

" multiple treatment components together for an FFHCM system is less well estahhshed Complex.

off-gas treatment trains have been built and operated effectively for joule-heated ceramic melters
(JHCM) processing high-level madioactive wastes. These systems use many of the same
components that are likely o be used in the proposed FFHCM system. However, the- umfumuty
of the high-level radioactivé waste feed and the lesser guantity of off-gas generated by JHCM
units simplifies the off-gas treatment system compared to the system that would be needed to -
pmcess the Weldon Spring stte waste gases, -

The lack of operational data pertaining to fuIl-scal& FFHCM off-gas treatment hinders
estimation of difficulties that would be encountered with the pmpcsad system, There is a
concern that a system consisting of a complex train of treatment components could lead to
extreme operational complexity. Moreover, effects from fmlure of individual components could
exacerbate an otherwise insignificant problem in a downstream device resulﬁng in-a major

operativnal problem.
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It is fikely that additional design effort will result in a system that can adequately treat
the off-gases to within the regulatory limits. Although concepiual design studies usualty -
emphasize a worst-case scenario when there is an -absence of data, as is often the case with
FFHCM off-gas treatment, extensive testing will still be required to determine the effectiveness '
of the treatment system. The combination of further design effort and extensive testing -may
indicate that treatment of the Weldon Spring site waste gases will not be as difficult-as presently
anticipated and may only require a relatively simple and easily operated system.

- 7.4 Reliability of the Technology

_ The fullnmng mscumcm addresses the rehablhty of tnchnulcgy and the likelihood lhat
technical problems will lead to schedule delays. Technical problems that are most likely to
occur are described, along with the types-of failures and the consequences of those failures.

7.4.1 Alternative 1 - No Further Action
No treatment technologies will be used.

7.4.2 Alternative 6A - Removal, Chemical SnlidiﬁcatmnfStahﬂizatmn, and Own-site
' Dlspusal

_ “The proposed CS$S system utilizes well understood technology, 1t is not anticipated that
technical problems will arise during operation that wili impact the schedule. Further bench- and
pilot-scale studies will heip optimize the system to minimize start-up problems. The operating
histories for similar systems indicate that these systems typically have very little unscheduted
downtime. Importantly, by operating only one shift per day, five days per week, time is
available during off-hours to perform preventive maintenance repairs and equipment
replacement. In the event that a temporary system failure does occur, time is also available to
operate on an overtime basis to meet scheduled throughput regnirements.

_ Two types of failures could occur due to technical problems related to CSS treatment:
failure of the treated product to pass TCLP criteria and a treated product with an unconfined
 compressive strength less than 50 psi. Inadequate compressive strength problems may be caused
by excess water in the raffinate sludge feed. This problem could be resolved either by adding
in more reagent, specifically cement, to improve the excess water discharge system in the
raffinate feed holding tank or by addiog a miffinate dewatering: system to ensure a consistent .
moisture content and a drier raffinate sludge feed.
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 Failure of the treated material to pass the TCLP criteria may not be so easily addressed.
Feed streams may be combined to allow formulation of an acceplable product, but mnd;ﬁcauon_
of the reagent mixture or additive ratio may be necessary. Supplemental reagents to aid in the .
attenuation of the compounds failing the TCLP criteria could be examined. For example,
ferrous sulfate could be added to the grout to adsorb and/or precipitate arsenic as a relatively
insoluble ferroarsenate compound. Aliernatively, sodium sulfide could be added to precipitate
arsenic as an insoluble arsenosulfide compound. Numerous reagents are known to attenvate
specific contaminates during CSS processing and may be required if the treated product using
the base-case reagent blend fails io pass the TCLP criteria,

" Disposal of the CSS product and minimally treated wastes into a combination cell is _
' considered a reliable process. Although placement tests have not performed, it is likely that the
CSS wastes can be easily placed and effectively compacted. The CSS grout-like material will
assist in the immobilization of building debris that s placed in the cell. Placement of the grout
in and around voids. in the debris will negate the need for hand-digging and placement of
material around the building debris to prevent settlement. The building debris. may also act to
strengthen the grout monolith much as rebar does in concrete. The presence of the strong grout
will assist in preventing cell cover failure caused by settlement of the wastes. The presence of
€SS product should nat adversely impact the performance of the leachate cotlection and removal
system.

The reliability of land-based disposal facilities is difficult to assess because historical . .
performance has been poor. Oaly recently, however, have systems utilizing double containment "
been employed. One mechanism to moniter the performance of these systems is to measure
flows of Liquids into the leakage detection layers. Bonaparte and Gross in "Field Behav:tqr of
. Double-Liner Systems® (1990) present a case study with data from 55 individually monitored |
landfill cells. When EPA promulgated the minimum technology requirements of the 1934
Hazardous and Solid Waste Amendments (HSWA) and the associated Liner/Leak Detection
System Rule of May 20, 1987, an action leakage rate of 5-gallons to 20 gallonsfacre/day (gpad)
was proposed as a threshold flow rate. The data presented by Bonaparte and Gross indicate that,
. of the 55 cells, 23 were constructed with geomermbrane top liners (instead of mmposite top
liners). Eleven of those 23 cells were constructed using EPA construction quality ASSULENCE
(QA) procedures and were operating so that other potentials sources of flow, such as
construction water, were minimized. Focusing on-the .11 cells which would be most
representative of the double-lined cell proposed for the CSS altemative, 4 had flow rates less
than 5 gpad, 4 hag flow rites between 5 gpad and 20 gpad, 3 had flow rates between 20 gpad -
and 50 gpad, and none had flow rates above 50 gpad. ' '
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 In Summary, it appears that 73% of the cells (8 out of 11y had-an LCRS flow rate of less
- than 20, which compares very favorably to the original flow rates anticipated by EPA in B
establishing the performance standards fur these systems. :

The Liner/Leak Detection Systent Rule pmmulgated by EPA in 1987 has since been
finalized (January 29, 1992). Subsequent smdms w111 need to comply with the requm:mmts of -
the finalized regulation. '

7.43 Alernstives 7A, 7B, and 7C - Removal, Vitrification, and Ov-site or Off-site |
Disnoal | . |

As discussed previously, the vitnficauon process can be divided into three mmponea'lts E

the grinding circuit; the melter system; and the off-gas treatment system. The fnﬂomng"_ _
discussion focuses on the reliability of each of these s:,rstﬂrmS, the types-of likely mchnolngical' :
faitures, and the mnsequemes of these failures. : '

7.4.3.1 Pretreatment Circuit.. The components of the pretreatment circuit utilize well

_estabhshed and proven sizing reduction components and are considered very reliable. It is O
- unlikely that pretreatment circuit-related problems will lead to schedule delays or fo any

. technical failures. The most likely problem to occur would be a need to recycle matmal hack:
to the pretreatment circuit for additional size reductmn : .

7.4. 3 2 Melter System. The Vortec melter, which has been the focus of this study, has
‘been modified from the melters used in the commercial glass manufacturing industry, These
melters often achieve a 90% continuous operation efficiency. The Vortec system has not used
in full-scale operation, and some scale-up and operational problems could be expected. These
probiems could be manifested as temperature control-related problems, incomplefe ‘melting, -
immiscible phase development, and thermocouple and heat sensor failure. These problems do
not constitute a comprehensive list of all possible faitures, but they do provide a-measure of the
types of pmhlems that could develop. These are the sort of problems: that could be rectified
during both pilot-scale and in the inifial phases of fuli+scale processing.

Refractory life is not expected to be a major concern because the Vortec system uses a' B

cyclonic feeding method which helps protect the refractory surface from the melt and corrosive
gases by a "wall" of unmelted feed material. Additionally the design life of the refractnr_v is
longer than the proposed plant operatiohs.
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Some temperature control problems could initially develop as the operators develop a feel
for the effects of fuel addition changes prior to the calibration of computer-assisted controls.
Temperature variation and improper control could result in the incomplete melting of feed
materials. Actual processing of the waste materials may also show that different (higher)
temperatures are required for mmplete melting. During temperature fluctuations and
adjustments, it is possible that some phase immiscibility could de:velcp Immiscible phases
would include the iron and sulfur phases described earlier.

Thermocouples seem to be prone to failure, which may necessiiate using mu]uplﬁ_
. thermocouples at critical locations to ensore that one is always operating or hmiting the
thermocouples to areas that are conducive to longer life. Thermocouple replacement and repair
will likely be an important maintenance item. '

The first glass produced by the Vortee system wilt probably contain partially unmelted
material with immiscible phases. This glass should be recycled to the plant until a suitable, - -
-thoroughly melted product which is fiee from immiscible phases. is generated, As discussed
' above, these are the types of items that shouid be addressed during pilot testing and initiat full-
scale production. The consequences of fajlure are minor since the initial rmpmperly melted
matesial can be easily handled and recycled.

4.4.3.3 Off-Gas Treatment System. Unlike the other components of the vitrification
system which are conceptually established, the off-gas treatment system is less well defined.
Although information on the reliability of joule-heated ceramic melter off-gas treatment systems
is available, enough significant differences exist between the two. technologies to cast doubt on -
extrapolating from JHCM uffvgas treatment systems to FEHCM off-gas treatment trains, Since
no field scale FFHCM systemis have been deployed, there is no data upon which to base -
predictions regarding the reliability of the off-gas treatment train. Although this information will
be obtained during future testing, adeguate information does not presently exist, making the off-
gas emissions of the FFHCM system one of the critical questions pertaining to its use.
Numerous problems could develop in the off-gas treatment system during start-up. These
problems could be related 1o the capabilities of an individual component, the production of
~ excessive amounts of particulates that require secondary handling, the treatment of the scrub
solutions prior to disposal, monitoring device catibration and maintenance, and problems that
" are exacerbated in one component from the effects of an upstream component. Although these
problems can be resolved during future testing and optimization-required shutdowns of the
facility, gas emissions exceeding regulatory criteria could lead to significant projects delays.
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Failure ‘of monitoring devices'ﬁr marginal trial bum results could cause delays in startup or -
temporary suspension of activity until improved performance could be predicted.

Construction and disposal of vitrified and uatreated material into the appropriate cell
- ‘should be readily acoomplished. Disposal cells incorporating radlahun emission controel
charactensucs, as for UMTRA cells, have been approved and constructed at several sites around
the country. . The UMTRA cells are new enough, however, io not have generated an extensive -
performance database. - The overall simplicity of this t)rpe of design ﬂl“ﬁts that cell -
construction should not pose a mgmﬁﬁant problem.

Optmmi p]awmmt methods for vitrfied matenal into the cell have not l:qem defined. -
Mixing of vitrified glass and clay material, followed by placement and compaction, is thought
to yield an adequately compacied media. Alternatively, placement of soil and. glass into
separate, thin lifts may be adequate fnr cell cover support. ‘The use of grout may be necessary
to prevent setilernent around building debris and 10 uhvmte the need for hand-digging amt_
" placement around building debris. - This grout could be prepared specifically for this pripose
with uncontaminated or minimally contaminated soil,. or CSS-treated vitrification off-gas.
solutions could be vsed to stabilize the building debris. Placement of an adequatcly compacted .
material, combined with the grouting of bulldmg debris, should suppurt the cell cover and -
" prevent premarure cover failure due to-waste setllement. '

-T.E Ease uf Unde:taklng Additional Rﬂnedlai Actions

This. section- addresses ﬂlﬂ ease of and the Iakehhoud of having to undertake additional
‘remedial actions. This criterion largely measures the difference between on-site and- off-gite.
disposal, and not the difference between CSS and vitrification technologies. Additioral remedial
treatment of either the CSS or vitrified product is unlikely to be necessary. The implications
of the loss of acoess to the area upon which an on-site cell is located, the cell's initial capacity,
and the need to dismantle the vitrification plant prior to cell closure have been consuiea‘eﬁ and
are discussed below.

7.5.1 Alternative 1 - No Further Action

The no fuither action alternative will not interfere with additional remexdial actions,
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7.5.2 Altmﬁve 6A - Removal, Chemiﬁl Stabilization, and ﬂn-Sife Disposal

It is unhkely that further remediation wlll be required for the CSS treated waste.
However, CSS treatment is not irreversible, and the CSS product could conceivably be
hydrometallurgically processed or vitrified. Disposal of material in. an on-site cell could
potentially impact the ability to- perform additional remedial actions. An on-site cell might
imjract groundwater remediation by climinating the location of groundwater removal or injection
wells or monitor wells within the cell footprint, Huwever, remediation of contaminated
groundwater on-site may be implausible regardless of the existence of an on-site disposal. cell.
Unforeseen quantities of waste exceeding the cell design capacity could also be an operational
problem associated with on-site disposal. After cell closure, additional waste placement in the
cell would be very difficult, Moreover, treatment capability would be lost as the treatment
facility would be dismantled and placed within the cell. Consequently, newly discovered
contaminated material or a change in .the removal or (reatment action level would present a
pmblem :

T.5. 3 Alteruatwes 7A, 7B and. ?(3 Remu?al Vitrification, and Oa-site or Dﬂ—slte'
- Disposal

* It is unlikely that further remedial action will be required for the vitrified product; in
‘fact, virtuatly no other treatment is-possible. The difficuities undertaking additional remedial
" actions under an on-site disposal option are discussed in Section 7.5.2 above. -With the off-site
" disposal option, the vitrification facility could be placed on stand-by without interfering with cell
closure and be available to process newly discovered contaminated material.

7.6 &hlhty to Monitor Effectiveness of Rmnedy '

This section focuses on lhf: ability to monitor the effecmrmess nf the remedy and to
identify potential risk sources and determine if associated exposure paﬂ'lways exist. The CSS
alternative has two potential exposure pathways: leachate derived from the CSS product and
untreated material and radon emissions. It is likely that CSS treatment will not strongly impede
radon diffusion from the waste. . The vitrification a}tm-nanve has two potential éxposure
.. pathways: leachate derived from the glags and untreated material and off-gas emisgions.
Previous studies have shown that radon should not diffuse at a sufficient rate from glass- to
constitute a concern. Dust derived from excavation activities are common to both the CSS and
vitrification alternatives. The follawing discussion addresses these potential exposure pathways.”
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T 6.1 Alternatlve 1 - No Further thn

_ No additional technology will be used except for environmerital monitoring and nperatlnn
and maintenance of existing facilities, These are common activities which are routinely

performed. The design life of the MSA, TSA, and water treatment plants is 10 years. These -

facilities will probably comtinue to function for a period of time after 10 years, but maintenance
of these famhtlcs will become more difficult and they wﬂl eventually fail.

Without maintenance, the mfﬁnate ptt dikes and any remaining buildings will evmtua]ly
fail, and site contaminants will be released to the surrounding environments. g

7.6.2 Alternative 6A - Removal, Chemical Stabilization, and On-site Disposal R

_ Continual testing of the CSS produet will be performed t0 ensure that criteria are met for
TCLP testing and unconfined compressive strength of SO psi. Passage of these tests will
document production of a grout or cement soil that witl adequately immobilize coniaminants and
. support the disposal celt cover. Should a scheduled sample fail either the TCLP or compressive
‘strength test, an immediaie analysis will be performed to determine potential causes. and
mitigative measures to be taken. If a subsequent daily sample fails either criterid, the operation
will be suspended until modifications to reestablish compliance are defined. Various mitigative
techniques may inciude modification of the reagent blend or additive ratio, excess waler
elimination, or the use of contaminant-specific attenuating compounds. Freated material
. vepresented by the failed sample that has already been placed within the cell will not be
reclaimed. :

_Leachate emanating from the emplaced waste will be captured by the dual. leachate
collection and removal systems within the enginecred cell. The collected leachate will be
directed to sumps and uitimately to the water treatment facility. Within a_few years after
disposa, Jeachale drainage will cease because all drainable free water will be removed from the
waste and mﬁltrai:lon of surface water into the cell will be prevented by the cover system. -

Activities associated with the monitoring of the cell during constriction and subsequent

closure will include periodic visual inspection of the cell cover 10 identify and repair areas of
- grosion, animal burrows, or tree roots. Survey monuments will be placed on the cell to allow
settlement measurements to be obtained. Testing of the radon barrier will be performed within
one year of placement to ensure that radon flux is less than 20 pCi of Rn-222 per square meter
per second. Radon collecting carbon devices or other appropriate instrumentation will be used
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to measure radon emission from the cell during this test. Further studies will evaluate the
potential for leachate leakage from the celf and assess the ability and the need for vadose zone
monitoring below the cell. These studies will help determine specific locations for groundwater. .
monitor wells to ensure timely detection of escaping leachate. Leachate generation should reach '
a maximum shortly after cell closure with a subsequent decrease to a steady state condition

gradually decreasing to a minimal output. A mgnlﬁcan: increase in leachate generation after a

pmod of consistent output would suggest that rain or snowmelt is infiltrating the cover system

and would instigate a thorough cell cover inspection and repair program. The various cell
monitoring components will form a systematic network to aid in the prevention of undetected
m1gratmn of contaminants to a potent!a.i receplor.

7.6.3 Alternatives 7A, 7B and 7C - Removal, Vitrification, and Dnusil:e or nrf-sne'
Disposal

_ Production of a relatively unleachable glass adequately immobilizes contaminants for
thousands of years. Literature information does not reveal a glass product failing TCLP or
similer leach criteria festing. . Consequently, migration of contaminants is largely prevenied.
To ensure contaminants are attenuated, continual TCLP testing will performed. This continual
TCLP testing will likely document that virtually no leached contaminants are detected and that

- the product greatly exceeds regulatory criteria. In thé_ eveént that a weekly sample does fail the
TCLP criteria, daily samples will be collected, tested, and analyzed to determine the reason for
failure. Tf two consecutive saniples fail the TCLP tests, activities will cease until the cause is
identified and preventive meagtres implemeénted.  Failed material wili not be reclaimed for- .
retreatment. . ' S

Emissions during processing will be limited to the off-gas tmatment system. The
pretreatment and melter circuits are sealed and fijter equipped systems wilt prevent_ dust
emissions.

The off-gas will be processed through the treatment system described " in . Section
*4.3,5.6.5. The following table presents conservative. mass balance estimates of contaminant
concentrations in the off-gas after treatment for maximum short-term and annual average
emission rates. '
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TABLE 7-7 Mass Balanca Estimates of '{jff-Gas Contaminant Cohcentratinns

Controlled: Emission Rats {g/el

Contaminams . .
of Concarn Mmidrurn Shart-Tarm {1, 24hour) Annual Average -
Solids (FW-10} (.D00083 Q.000038
Matsl
Lond 0.000071 0.000012
" Arenni 0.000305 000082
Cadmium 0.000708 C.000003
Selonium Q000081 0000018
© Marcury 0031 0.0038
Anone/Acid-Gasng .
NO, from foed fae O 24.6 2.2
80, 1.015 0.25
HCE 0.005 0.000586
HF 0.G34 00035
. .
- 48 TNT Q000536 G007
. 2.4 DNT Q000007 0000001
2,8 DNT 0.000014 ©.000001
Radionuchdms iEi&'uaﬂ. .
EETETY] 20% 308 22x 1019
‘U-238 28x1 2ex1019
Th-230 9,2 % 1077 42x10%8
Thzaz - 1.0x 108 4.3 x 10720
Aa-226 2.1% 1077 22x1018
Ra-228 15 x 107 5.2x 10719
Pb-210 B.6x 102 1.3x 10713
Po-210 3.6 % 1077 5.1 x 30 1E
Rn-222 213 24
Gombustion Gases
£00.46 ' 5.28
NO, as MO 4 lcombuxtiont 15,8 BB
Total NO {fosd + combustion} 40 11.E
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The composition of the wtnﬁcannn off-gas (unmntmlled) is esumaxed 10 be the followmg
{"wet” gas basis):

€0y 9%
Nz . M%
H50 ... 18%
. Op - o 2% {fmm 10% excess air feed}

The approximate concentrations of other progucts included in the off-gas are listed below. -

so, 300 ppmv
CO ' 100 ppmv
NO, - 250 ppmv
 Metals (Pb, As, Cd, Se, Hg) 100 ppmv

Radon - T ﬂﬂ?A Cithr (max:mum rate) .

The off-gas treatment system will be equipped with real-time detectors to moritor the off-
gas composition. Recycling of off-gas can be performed if off-gas composition- exceeds

performance criteria. If operational changes do not cause the off-gas to fall within the regulatory o

limits, the system will be shut down until corrections are made in the system or feedstock. A -
detailed discussion of the off-gas ireatment system is provided in Section 3. Upen final
_ conceptualization of the off-gas treatment system the optimal monitoring devices will be
identified and positioned within the tréatment train,
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8 TIME TO IMPLEMENT

The overall time requlmd to implement a spﬁmﬂc alternative dcpends on mnstructmn
sequencing and the operational production rates that can be athieved, The overall time to

implement could be prolonged if sequential activities are delayed because preceding activities
* have not been completed on schedule, Production rates are affected by the selected crew - sizes

used in completing the activity, as well as the level of personal protection gear used by the
CTEWS. ' -

Many of the components within each remedial action alternative are common t0 all,

Table 8-1 lists the durations for activities common to Aliernatives 6A, 7A, 7B, and 7C. Table
'8-2 is a summary of mandays required to complete each of the five alternatives. The following
sections discuss each alternative individually, including the nc-action alternative. Secﬂtm 8.4

" containis an overall ime to implement summary for all alternanves :

-

' TABLE 8-1 Time 1o Implement Remedial Actions Common 10 All Alternatives
: {Approsimate _I:Iumtinn -« Manths) :

Aotivity © - Enginesring BidfAward Conetpuction Oparaton
Remeiate Raffinate Fity - 4 61 - -
Sita Fropamtlnn 4 3 18 -
Building Foundation & U/G Pipe Remaval 4 3 | -

_ Seil end Sediment Excavation 3 4 - .10

. Material Haullng 4 3 - B4
" Deoontemination Statton 2 3 4 . as
Matarisl Staging Ares g ] 12 54
Yoluma Reductlen Fasility 3 a - ' & B2
Water Traatmant Mant (Traln 1 and 2} - 3" 12 ¢ ;1
Building 434 Wasts Remaoval & 4 - " BB
Remove Facilties 4 4 6 - -
Sita Reatoration 4 4 10 -
Vicinity Proparties (Phase 1, 2 and 3] B 2" a- --

" * Eagh phaws,
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TABLE 8-2 Manday Summary

Removal, On- " Chemicel

Site Haulirng Size - Solidifiostionf Diaposal  Off-Site Warer - Torall®
5 Rociemation Reduotion Yitrification  StebRizetion _Gell  Transportation Tresmmant  Mandaya
Altornative 1 6.0 0.0 00’ 0.0 . oo 72325 72325
Nu Further Action - :
Altarnstive 84 52,707.3 44455 0.0 10,8800 42,8000 0.0 7,232.6 1178483
CEE Cn-Site Dispossl ' :
Altarnativa 7A 62,7070  4,4495 61,5320 0.0  B1,250.0 0.0 12325 172713
Vitrification . :
On-Site Diapoeal
Altsrriative 7B §2,707.3  5,250.5 61,5320 0.0 51,2500 72,7020 12325  250.782.%
Vitaficatlon ’ ’
Off-Sita Blsposal
at Clive, Lhah ]
Ahernative 7C 52,7072 56,2585  &1,832.0 o0 B1,250,0 72,7020 7,232.6 260, 7823
YVirrfcation : -

OHf-Site Dizposal
at Harford, Washington

{8} gagad on 6.5 effective hours par day.

£.1  Alternative 1 - No Further Action

As described in Section 2, the no further -action alternative consists of these basic
elements: '

» The quarry bulk waste is in storage at tﬁt tempomrjr Storage area.

* The chemical plant buildings have been dismantled and are in storage at the material
siaging area.

. The raffinate pit sludges, che:mcal plant contaminated soils and sediment, and the
vicinity properties contaminated soils and sediments yemain in place.

» The site water treatment plant is operational.

». Miscellaneous waste stored in Building 434.
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» Rubble and soil waste stoted in Ash Pond spoil pile.

s Chipped wood stored in muick pile.

The elements for the no-action alternative and the anticipated time periods are shown in
Table 8-3. : '

TABLE 8-3 Time to implement.- No-Action Alternatwe
(Appreximate Duraton - Months

Activity : * Erwginooring Bldfﬁ.war& " . Comatructicn ﬂp-lrﬁiﬁh
Temporary Storags Argg'® a 2 7 ]
Matorial Staging Arsal® ' 2 a 12 &
Watar Treatmant Plant . - 2 12 - 8B ..
Chaevloal Plant Bullding Dmmmrﬂamsnt{“’ " 13 3 ao -

Site Prupnrtﬂnn 4 3 _ 18

i _ A ' . ' y

Porformad ax intafim response action

8.2  Alternative 6A - Removal, Chemical Stabilization, and On-site Disposal

Alternative 6A is mmﬁri's_.ed of chemical solidification/stabilization treatment of selected
wastes; all wastes will then be disposed in an on-site disposal facility.

8.2.1 CSS Facility and Tmatment

. More than 7.5 years will be reqmred to complete all activities associated with processing
320,000 cubic yards (374,200 tons) of undewatered raffinate studges, raffinate pit clay bottom,
and quarry soils into 422,000 cubic yards (612,500 tons) of CSS product. The major steps
required to execute the CSS wreatment alternative and the number of work and calendar days .
anticipated to accomplish each step are listed in Table 8-4. ' '
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TABLE 8-4 €SS Process Miléstones and Schedule

5% Process Miestnne . | Workdays - Sinos Start
1. Pilot Test of CSS : 20 12 Months
2. Dotsiled Deslgn of C53 T 1 24 Monthe
" Mant :
3. Requoets for Bids and . 40 28 Monthe
Award of Contrects :
4. Design, Fabrication, 250 ' 38 Montha
Instalation, Teating . 2 ¥y 2 Mos.
S. Operation with 10% 755 21 Months
Downitima, 3 Montha/Year _ 7 ¥re. 7 Mag,
Total B-hour Work Doys 1,584

The CSS plant will operate, at a scheduled plant availability of 90%, over a 4.5-year
period at 6.5 productive.hqurs per day {out of an 8-hour work day), 20 work days per month,
9 months per year, allowing for a 3-month winter shutdown,

8.2.2 On-Site Disposal

Construction of the disposal facility will occur over a ‘78-month period. Material
placement wili ‘need 57 months within the 78-moath penod Fa::lhty dcslgn is esnmated at 12
months; bid and award at 6 mcmths

8.3  Alternatives 7A, 7B aud TC - Remmral, V:tnﬁcatiun, and Off-site or ﬂn—slte
' Disposal '

Alternative 4B is comprised of vitrification of selected wastes; all wastes will thea be-

disposed in an on-site disposal facility. Aliernative 7A differs from Alternatives 7B and 7C in
that waste will be disposed in an off-site facility rather than ar on-site facility.
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8.3.1 Vitrification Facility and Treatiment

" Nearly 8 years will be required to complete all activities associated with processing -
320,000 cubic yards (374,000 tons) of raffinate sludge, raffinate pit clay bottom, and guarry
soils into 102,000 cubic yards (181,540 tons) of fritted glass. The vitrification rate will be 125
tons of material per 24-hour day, 365 days per year at a scheduled availability of 90%. At this
rate, the selected waste m]lbepmcessedmappmnmately4yws The major steps required
to carry out waste vitrification and the number of work days mqu;red to amomphsh each step L
are hsted in Table 3-5.

TABLE 8-5 Vitrification ﬁrucass Milestones and Schedule

FFHCM Froosss Milaatons : Wark Dava . Bince Start

1. Banch and Pilot Test of FFHCM 8 tioure/day, .~ 480 24 Months
20 work-dayafmanth

2. Complete Detailed Dosign of the . L 1z 30 Monthe
FFHZM Traatment WUnit :

3. Requests for Bids and 40 - 37 Momthe
Award of Contracta . : Co

4. Degign, Febrication, . ) . alz ' 47 Monthe
netallation, Tasting :

5. Operation with 20% 1,460 . 85 Monthe
Avallabifity, 24 hours/day, ' . ) 7 w1 - 11 monthe

_ 385 days/year
Torsl Work Daye C za1E

8.3.2 Off-Site Disposal

As described in Section 4, two potential off-site facilities have been 1denuﬁed in the FS -
(DOE 1992a) for waste disposal: Clive, Utah (Allernative 7B} and Richland, Washmgmn
(Alternative 7C). Assuming both sites have completed all permiitting, the time to implement will
 be the same. The time to implement off-site dispesal includes: ' ' i

Transpori procurement 12 months
Material transport and disposal -~ 60 months
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8.3.3 On-Site Disposal
Construction of the disposal facilities will occur over a 72-month period. Material

placement will need 57 munths'wiﬂ_lin the 72-month facilities construction period. Facility
design is estimated to require 12 months and bid and award fo require 6 months. -

8.4 Summary

Figure 8-1 shows the overall time to implement, excluding long term malntemnce, for
each alternative under consideration. It is projected that alternatives 7A, 7B, and 7C will each
‘require 10 years to implement.
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9 COST ANALYSIS

This section presents estimated costs for the remedial action alternatives evalvated in this
report. Tt should be noted that all costs presented thtoughout this document are preliminary in
nature and are based on preconceptual-level designs. As more definitive characterization data
and technology optimization studies become available, it is likely that design concepts and cost
estimates will change from those presented here.

Table 9-1 presents the total project construction and operation cost summary, for each
remedial action alternative considered by major activity category. The sections below discuss
cost elements pertinent to each alternative. More detailed cost information is contained in
Appendix A, Alrernatives Summary Cost Estimate.

TABLE 9-1 Remedial Action Alternative Total Project Cost Surmmary

{$1,000s)
No Furthar Qin-gite DIsposs) Gff-give Diapossl
Activity Action Cherniaal "Witrification [V Richland
[GA) {FA (7B 7C)
Aamediara Kaffinata Fits - 11,900 T4, 400 1 &, 3 14,400
Banch- and Filat-Scals Tasting - 2,100 8,200 8 200 B 200 -
Constraot Treatment Fecility -- 3100 25,800 25,800 25,800
Operata Treatment Facllity -- 14, 700 20,500 20,504 20,500
Chemical Flant Site Preparation - 2,800 z,800 2,800 2,800
Building Foundatian and Underground Pips Ramaval - 6,000 6,000 . 8,000 6,000
Soil and Sedimeant Excavation - 1,700 1,700 1,400 1,400
KMatarlal Hauling - 2,700 8,300 23,200 33,200
Disposal Coll Oparationg - 7,200 &, 700 - --
Conttruct Dacontamination Stathon 80 4] 5O LTH B0
Construct WRF - 2,800 2,800 2,300 2,200
Construct WTF Train 2 -- 1,200 1,200 1,200 1,200
Building 434 Wazte Remvoval - 600 "B00° 600 B0
Dperate TSA 2,000 2,000 2,000 2,000 2,000
Oparata MSA 5,200 8,200 5200 B, 204 5,200
Oparste Decontarmination Statkon g0O0 1,200 1,200 1,200 1,200
Cpearate VRF - 2 50K} 2,500 2,600 2,500
Cparate WTF 2,000 3,500 3,500 3,100 3,100
Disposel Facillity Construction Material Tazts - SO0 b - -
Congtruct [izposal Facility
CSE Soenario - 47 800 - - -
Vitrification Scenano - - 37,100 - -
Anmowva Facifitise - 1,800 1,800 1,800 1,800
Sita Restoration - 3,400 3,40 3,200 3,200
Vicinity Propartiss
Phaze 1 {Anmny 1, 2, 3 end Buech 3, 4, B} - 410 400 4000 400
Phase 2 iLakes 34, 35, 38) - 400 400 400 400
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" Phase 3 Uhmny & and 6} ' - 200

OH-Eite Transport anad Disposal - -
Long-Tarm Maintonanak 15,800 23900
Total tmrun:lod} 28,750 157,050
Prassnt Worth {rounded) ' 10,000 78,600

91 Altmtwe 1 - No Further Action

300
214,400

361,350

192,500

C 142819

300

279,888

157,319

The activities contained in the no further action. altemative are alsu part of the other
remedial action alternatives, although, in some cases, not at the same level of effort. As shown
in Table 9-1, the no further action altemnative does not equate t0.nO eXpense mcurred ‘The

estimated total cost for the no further action alternative is $28,

450,000

9.2  Alternative 6A - Removal, Cﬁemical Stabilization, and On-site Disposal

Estimated capital costs for the major equipment components of the CSS treatment facility '
are listed in the following table. Vendor quotes were obtained for this equipment. '

Description

Sturry/Mixer Tank (25 HP)

12,650 ft* Cement Silo

15,000 #? Fiy ash Silos

20 CFM/150 psi Air Comipressor (1.5 HP}
115-foot Horizontal Screw Conveyor {30 HF)
60-foot 25° Screw Conveyor (30 HP)
Mixer/Praduct Tank (75 HF)
Sludge/Slurry Pump {75 HF)

Pug Mill (100 HP}

Apron Faeder {15 HF)

Volumetrie Feeder {1.5 HP)

Vibrating Screen (5 HP} . -

Live Bottarm Bin {50 HP)

Truck Rump

Building {60 feet x 40 fest)

CATY 966E Front-End Loader

TOTAL:

Total
Lost'18).

85,000
77,500
265,000
3,500
25,000
20,000
75,000
85,000
40,000
7,500
17,500
12,000
35,000
15,000

© - 108,000
178,000

1,029,000

The estimated installed cost of the above equipment is $3,100,000. The cost estimates -
listed above are unlikely to significantly change since they were obtained through vendor quotes -
and the equipment needed is standard and can be readily obtained. With bench-scale and pilot- .
scale testing costs of $2,100,000, the total plant cost is an estimated $5,200,000. .
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Tota! operating costs are estimated at $14,700,000 for processing approximately 324,000
bank cubic yards of wastes. Total treatment costs are estimated at $62 per cubic yard, '

The cost to construct the mngle—ce]l dlspasal facﬂlty is wsmum The ce‘.ll

'mnfiguramn is double liners over a clay-compacted bottom.

9.3  Alternatives 7A, 7B and 7C - Removal, Vitrification, and On-site or Off-site
: Disposal : : -

The following equipment is required for vitrification treatment.

Raffinate sludge pretreatrent squipment - % 582,500

Soil and clay pretreatment aquipment 1,144,000
Feed blending equipment 178,000
Vltﬂflcatian!produm handling equipment 2,718,000
Buildings : 1,574,000
{ff-gas system : _ 216,200
Total . . : $7,013,700.

The estimated installed cost of the above equipment is $25,600,000, including the gas

feed line. The above costs could change by selecting vendors other than those used for obtaining
these equipment quotes, by using different styles of equipment than those quoted {e.g., plasma
arc torch melters instead of Vortec's fossil fuel- heated ceramic melter}, and by changing the
treatment design throughput so that installation and operation of more and/or larger vitrification

. treatment units are required. With $1,700,000 estimated for ‘dewatering -equipment ar.d_
. $8,200,000 for bench- and pllut-sual& testing, the total plant cost is an estimated $35,500, {]ﬂﬂ y

Total operating costs 1nc1ud1ng dewatering are estimated at $21,300,000 for. prmessmg_

324,000 bank cubic yards of waste. Total cost to treat is estimated at $£76 per cubm yard,

The cost to construct the twu-i_cell disposal facility is $37,100,000. Recall that one cell
is singly-lined over a clay-compacted bottom. The other celi consists only of a clay compacted -

bottom.

Disposal fee quotes were o_hﬁinad from Envirocare at Clive, Utah and the DOE Hanford
facility near Richland, Washington. ~Rail transport price quotes were pbtained from Union

" Pacific Railroad. Construction of a railroad siding at Wentzville is involved with rail transport .

options. Siding construction costs will be approximately $2,285,000.
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. The Envirocare dlsposal foe is $144 per ton. The rail transport fee, which mcluda; o
retum of empty containers, is $54 per ton. The total cost for off-site transport and disposal at -
the Clive, Utah, famllty. including ancﬂ]ary facilities, is $214 400,000 for 1,082,600 tons of
waste,

The Hanford disposal fee is $100 per cubic yard. This quoted fee is for disposal of the
Weldon Spring wastes at an existing facility at the Hanford site. However, this figure doesnot
include closure or long-term monitoring costs and is very preliminary in nature. . Earlier disposal :
costs at Hanford had ranged as high as $1,944/cubic yard. A detailed cost analysis would be -
performed if disposal at Hanford were a mmpunmt of the selected aliernative. The raﬂ-'
transport fee, which includes return of empty containers, is $69 per ton. The total cost for, off- *
site transport and disposal at the Hanford, Washington, site, mcludmg ancﬂlary facﬂlm is
$142,919, 40‘.] for 682,200 cubic yards (1, 082,600. tuns) of waste.

- For purposes of this mgineeﬁng evaluation, it was assnmed that the K25 Incinerator at -
Oak Ridge would be available for treatment of the liquid wastes.. The distance to Oak Ridgeis
approximately 500 miles. Transportation costs are estimated to be $1.65 per mile, ‘with an
additional $75 fee for loading or unloading times.exceeding one hour. Based upon an '8-hour
_ unloading time, a cost of $68 per ton has been used to estimate the transportation charges. -
Incineration costs have not been identified because waste characterization is not compiete. An | o
incineration cost of 50 cents per pound has been used, based upon engineering mlculaucrns B

 developed by the project.
9.4  Other Caosts

Certain metals may be decontaminated by conventional methods in association with -
volume reduction. This engineering evalvation assumes that metals dmanmmmamn will be an’
integral part of the VRF or will be supported directly by VRF operations. However, if a VRF
is not constructed, sizing and decontamination activities may be performed within certain starage -
areas as required. Decontamination of metals has not been included within the alternatives being
considered. Cost estimates were developed for these technnlugles are listed in Tablc 9-2.: These )
_wchnnlogtesmdembedeecnon424 :

9.5 Summary

The foliowing is a sumnmry of the various remedml altemahve cost elements rang:mg
from the most costly 1o the least e:xpenswe '
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s Off-Site Rail Transpnrl: ‘and Disposal. Disposal and rail transport fees cause this
activity to be the most costly. Costs could rise because of increases in zates charged
by the disposal facility and railroad. More altractive rates may possibly be negotiated
because of the large quantity of material invelved (approximately 700,000 yd¥/
1,100,000 tons). ' : .

v On-Site Disposal Facility. -The high disposal facility cost is & result of the facility
construction production Tates and maserial costs used to prepare the estimate. Vendor
quotes were received for material prices, and conscrvative production rates were used.
Costs could increase if subsequent investigations indicate that a larger disposal facitity
will be required than the facility upon which the estimate was based. Alternately, 2
cost decrease would result if higher production rates are achieved or material costs are
lower than what is presumed. S

The vitrification treatment with on-site disposal alternative costs will increase if more -
stringent liner systems are determined to be necessary. The CSS treatment on-site
disposal aiternative costs will decrease if more lenient liner systems are determined
10 be adequate. : ' '

e Off-Site Disposu! Material Hauling. Off-site disposal material hauling costs are high
because of container costs, the need to construct a railroad siding at Weatzville, - .
Missouri, and the transport costs for moving the waste from the site to the Wentzville..
siding. The overalt cost will either increase or decrease, depending on the actual COsts
associated with container procurement and railroad siding construction. Costs could
increase if documentation expenses for hazardous waste transport exceed the 8.8% of
direct labor cost allowance for operating expenses. | '

» Treatment Facliity Construction and Operation. Operating costs will primarily be
" affected by material and energy requirements, Vitrification treatment costs will
increase should more energy be required or be more costly than what was presumed. -
Chemical treatment operating costs are mostly affected by cement and fly ash quantity
requirements and the associated material prices. ' -
» Support Facilities Including Site Preparation and Restoration. Support facilities
include the material staging area, the volume réduction facility, the water treatment
plant, and the decontamination area. Costs would be affected if the facilities in
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subsequent design work differ appreéialily fram those used in the current
preconceptual design. ' : o h :

 Long-Term Maintenance. Long-term maintenance Costs appear high because the
total expenditure is distributed over a 30-year period. The most expensive item is
antual environmental monitoring; cost is affected by the type of testing required and
the frequency at which testing is performed. Another potential high cost item is major
repairs to the on-site disposal facility, although stringent quality control procedures .
during facility design and construction shouid mitigate the need for costly repairs.

s Building 434 Waste Removal. Waste removal costs will be affected by the material
quantity Tequiring disposal, the container costs for transport to the disposal facility,
" and the disposal fee charged by the facility. Documentation requirements could also
cause the 8.8% operating expense provision to be exceeded. S

e Soil and Sediment Excavation/Materia} Hauling. These costs are predominately

affected by the material quantities and production rates used in estimating ¢osts.
Higher material quantities and slower production rates will increase cosis. '
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i1 LIST OF ACRONYMS AND ABBREVIATIONS

Following is 4 list of the acronyms, initialisms, and abbreviations used in this document:

ACM
ALARA
ANL
ARAR
ASTM

BCY
BDAT
Btu

°C
Cat
CERCLA

CFR

Cem .
CMS
CRY .
CSR
CSS
CWA -

-A-

Asbestos-containing material

As low ag reasonably achievable

Argonne National Laboratory

Applicable or Relevant and Appropriate Reguirement
American Society for Testing and Materials

B

Bank Cubic Yards .

. Best Demostrated Available Technology

British Thetmal Unit

Degress Celcius

Caterpillar .
Cotmnprehensive Environmenta! Response, Compensation, and Liability Act of

1980
Code of Federal Regulations
Curie(s)
Centimeter
Combustion/melting system
Counter rotating-vortex
(Missouri) Code of State Regulations
Chemical solidification/stabilization
Clean Water Act
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-D-

DF : Decontamination factor
DNR (Missouri) Department of Natural Resources
DNT Dinitrotoluene _ '
DOE U.S. Department of Energy
DOT U.S. Department of Transportation
DRE Destruction and Removal Efficiency
dscf .Dry Standard Cubic. Foot

«E-
EAA Engineering Analysis of Alternatives
Eh Chemical Redox Potential
EIS Environmental Impact Statement
EPA 1J.8. Environmental Protection Agency
EP-TOX Extraction Procedure Toxicity Test
EVS Ejector-venturi scrubber

-F-
*F - - Degrees Farenheit
FAA Federal Aviation Administration

"FCY Fill Cubic Yard

FFHCM . "Fossil Fuel-Heated Ceramic Melter
FHA Federal Highway. Administration
FOB Freight on board
FML Flexible membrane liner
FRSA Federal Railway Safety Act
FS Feasibility Study
fi2 Square foot .
ft? Cubic foot )

-G
g Gram(s}
gal Gallon(s)

gpm Gallons Per Minute
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~-H-

H Horizontal
HDPE High-density pnlyethylene
HEME High-Efficiency Mist Eliminator
HEPA High-Efficiency Particulate Air
HLLW High-level liquid waste
HMTA Hazardous Materials Transporiation Act
hp . Horsepower
hr Hour(s)
I
TFR Interim Final Rule
in - Inch(es) .
IRA Interim Response Actdon
I8V In situ vitrification
-J-
TEG Jacobs Engineering Group
JHCM . Joule-Heated Ceramic Melter
K-
kg Kilogramis)
kw - Kilowati(s)
kwh Kilowatt hour(s)
-1L- )
1. " Liter(s)
Ib Pound(s) : '
LCRS Leachate Collection and Removal System _
LDCRS Leachate Detection, Collection, and Removal Systam
LLRW ‘Low-Level Radioactive Waste
LLW Low-Level Waste
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MOD 8
Frenm

. MSA
pCi

ME
y_.rl‘l

NORM
NPDES
NPL
NRC

OSHA
OSWER

Meter(s)

Square meter(s)

Cubic meter{s}

Maximum body wave magnitude
Material Characterization Center
Missouri Department of Conservation
Milligram(s)

Mile(s)

MK-Ferguson Cumpany
Morrison-Knudsen Engineers

. MK-Environmental Services Grovp
‘Milliliter(s)

Millimeter(s)

- Maodification MO08 Proposal for Equitable ﬁd_]ustment_

Millirem({s}

' Maierial Staging Area

Microcurie(s)
Microgram{s)
Micrometer(s)

N-
Naturally Occurring Radicactive Material
Nationa!l Pollutant Discharge Elimination System
National Priorities List
Nuclear Regulitory Commission

-0-

Docupatmnal Safety and Health Admmlstratmn
Office of Solid Waste and Emergency Response _
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P-

PAH Polyaromatic Hydrocarbons

PAT Plasma Arc Torch =~
PCB Polychlorinated Biphenyl
pCi. _ Picocurie{s} . o
PEC - Plasma Energy Corporation
pH . Negative log of hydrogen ion activity
PIC Products of incomplete combustion .
PNL Battelle Pacific Northwest Laboratory
PPE Personal protective equipment
ppm Parts per million '
ppmy Parts per million by volume-
psi Pounds per square inch
R-
RAD - - TRadiation Absorbed Dose
RCRA Resource Conservation and Recovery Act of 1978
‘RI Remedial Investigation _ _
ROD Record of Decision
RSPA (J.S. DOT) Research and Special Programs Administration
-5-
- 8BS Submerged-bed scrubber
se¢ . "Second(s) '
SOU Source Operable Unit
- SSM " Shallow soil mixing
-T- -
TCLP Toxicity Characteristics Leaching Procedure
TNT Trinitrotoluene
TSA Temporary Storage Area

TSCA Toxic Substances Cm_'ltml Act

m:lusersijoannsigonzalasianstl 1 -ravis.piil12 11-5




ucs
UMTRCA

wiC
- WSSRAP
WSS

wt. %

yd?
. ya&?

U-

Uncenfined Compressive Strength
Usanium Mill Tailings Radiation Control Act of 1978

Urzaniurn Mill Tailings Remedial Action (Project) -

V-

Vertical
Volume reduction facﬂlty

“W-

Waste to cement
Weldon Spring Site Remadlal Action Pm]ect

“Weldon Spring Site

Weight
Weight percent
Water treatment plant

Yard(s) |

Square yard(s)
Cubic yard({s) -

miweansijoannelgonzaesieaat ] -revig pliL12 _ 11-6




12 SYMBOLS OF ELEMENTS AND CHEMICAL COMPOUNDS

Al : Aluminum
Ar Argon
As Arsenic
B " Boron
By04 Boric Oxide (Boric Anhydride)
C Carbon .
Ca Calcium
Ca0 Calcium Oxide
CaGH - Calcium Hydroxide
CaSQy - | Calcium Sulfate
Cd Cadmium
Ce Cerium
COy _ .Carbon Dioxide
€Oy Carbonate
F Fluorine
H Hydrogen
HCl Hydrechloric Acid
Hy0 Water
He _ Helium
HF Hydrogen Fluoride
Hg - Mémur}'
K Potassium
‘N Nitrogen -
Na "~ Sodium
NayB,05(0H)4 8H,0 Borax
NaCOq Sodium Carbonate
Na,O Sodium Oxide : '
NOy Nirogen Oxides
Ra Radium
Rn. Radon
S Sulfur
80, Sulfur Dioxide
505, Sulfur Oxides
Si Silicon
SiF, Silicon Fluoride (Tetrafluorosilane)
'Th Thorium
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APPENDIX A :
ALTERNATIVES SUMMARY COST ESTIMATE
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"ALTERNATIVES SUMMARY COST ESTIMATE

| Cloar and Grub Light CiMRI2 | SMANS 178,727 | . 4a.562 52,080 274,350
Clear and Grun Heavy TMASS | 20JN 932 181,021 42,348 47769 251,736
Construct Retention Pand 1MAS3 | 1JN93 48,392 11,382 18,273 09,947
Doubls HOPE Linor Pord 781 | 15Me3 88,340 1673 | 18,374 86,296
Watar Contral Dikee 1FES4 | 15JN 94 935,233 82,114 210,164 | 1,107,441
Snutheast Drainage Cantrol TMRS% | 1594 307,887 38,466 B1,299 428,432
Heul Rasd Fil 1AF93 | 20MA 93 236,004 51,496 §9,440 [ 366933
Haul Rosd Base 21MY 92 | 10N 93 180,472 10,424 | . 48,113 | - 243,008

Foundation Mabillzaton 15MASS | 14L93 74,280 0 17,298 91,878
Faundation Training .1 5MAS3 | taNVES 133,322 22,016 3,722 204,0%9
Fourdiation Demcbilization 1NVSE | 1Ja8s 74,280 0 17,396 91,878 .

Ramava Foundations {(Phe 12,30

Phase 1 . 23 JN 83 80C 33

Fhuee 2 23 NV 93 23 AP 84
" Phaee 3 100c05 | 19ND3E
Foundutjon Sxc/BSakf)
Phass 1 36% B 110,300 24,767 31,633 1&6.?00
Phaos 2 50% : 163,201 24,400 43,938 231,537
Fhaee 3 14% o . 42,893 9,831 12,301 . 54,825
i Foundaetion Brasknge
Phase 1 348,574 77,654 89,823 | 528,081
Phape 2 . : 484,131 107,8%3 138,643 750,826
Phags 3 138,867 30,188 38,820 264,575
Feundation Haul -
Phaas 1 80,543 14&15 17,635 .- 92,932
Phase 2 ' ' 84,144 20,438 24,492 128,074
Phaes 3 . © 23,580 5,723 £,958 18,141
Rercve Underground Pige 23093 | 120V 95 1,470,297 373,701 431,384 | 2,175,882

B.M,} = Bond, Margin, and iInsurence

mAussraijoannrigonzelestasatappnds-a piab A-1




BacksHl Fips Treach 406,811
| Remove Cortaminutad Matasial " 165,381 42,855 48,749 267,005
i Winter Shutdown - Chmol Fint 10093 | tMR9® 212,348 o 4008 | 209314
Contaminatad Sofl Exoavasien '
Horth Dump 14093 1AG 83 87,100 18,273 18,626 102,090 |
Aah Pond 2 JN B8 &)L 98 107,714 26,122 31,344 16E,160
Frog Pond 11 AP9% | sMYS8 49,866 18,701 20,040 108,807 ]
Inetall Graval Baaw . _
Ash Pend 2 JM 2d aJ.99 8,730 AT 13,196 70,587
Frog Pord 11 AP 88 | SMmyoa 1,346 84 2478 | - 1410 J
Dewstar Frop Porud ISMR 95 | 1OAPRS 12,085 2,442 3,402 47,929
South Dump 150c87 | 10c8? 149,210 38,168 43,420 228,915
EBurfacs Boil . .
Phage | 7 oc 93 1NV 83 g9,380 | 14,080 24,236 127,716
Phase 2 1 MR 35 2 AP 95 150,176 23,871 40,715 214,562
Fhaae 3 1 MR 86 2 AP 98 150,376 23,671 40,715 214,582
Moblization Sail Excavedon 70ca83 | sJ98 17,107 0 4,008 21,133
Training Soil Excavatian 15 5P 83 6JL39 138,758 33875 40,431 215.0@& N
' Damob Boll Excevation 2NV 9 1 AG 9 17,107 0 4,008 21,113 '.
Equiprmant Cacortamination 2NV 93 1AG 99 89,855 28,646 27,963 147,363
facimmation BaokiH .
Phase 1 NV 93 9 pC'a3 184,387 38,855 47,733 251,545
Phase 2 3 AP 96 3 JN 98 253,441 59,687 73,337 396,475
Phaas 3 2AP9E | 1CMY S8 172,037 40,823 43,792 283,342
Fance Remaval & lnstelistion 1ISEP 00 | 27 0CO0 894,800 4] 11,629 106,029
240000 | 200C00 86,708 28,613 26,640 139,880
Reclamation Backfil 1MROO | 15AGOG 874,637 206,018 263,000 | 1,333,746
Topsail 1500 | 155P00 475,871 49,827 123,025 548,322
' B,M.1 = Bond, Mergin, and Insurence
mausarsjosnneigonzalesioaatappndy-a,pliang A-2




"ALTERNATIVES SUMMARY COST ESTIMATE {Continued}

| Saed and Mulch 18000 06,397
Site Restoration Mob 1RE00 | 4500 28,524 o 6580 | 385204
Sits Rastoration Train 1FBOC | 18P00 38,272 8,227 11,124 KB, 423
Site Restoration Defmob 16AG00 | 158700 28,524 0 6,690 35,204 |

OPERATIONS
MEA Congtruction 1mrR91 -} 1armez o
Oparata MSA JeINS1 | 19JA98 | 3,206600 | 588,475 978,910 | 5,163,980 |
Operate TSA 15093 | 16395 2,002,194
Catrstruct Daoon Pad 1MAD2 | 15aG 92 30,199 4,654 © 8,168 4,01 |
Ouerata Deoon Facikity 16AGS2 [ 1.a00 730,568 | 220,907 224941 | 1,196,407 |
Conatruct WTP 4841088 | 134958 1 1,166,202 |
Train 1 11008 | 154692 o
Train 2 26FB94 | 28FB 3B 1,187,918
Gpatate WP On Site 164692 | 11nves | 2zada733 | 465,328 667,882 | 2,488,947
Conatruat VRAF soFBo4 | z8¥895 | 2208292  @1,008 538,024 | 2.835.300 -
Gperate VRF IMREE | 1JL99 1,679,413 | 3m8,718 A78.863 | 2,512,998
Building 434 Losd 1TMAES | 1JA00 191,573
Buiiding- 434 Haul PPE Mitrle 1vaos | 100 377,180
Heul to Siza Reduction 1wras | 1Juee 481,647 | 1185988 140,200 738,938
Tranaport Rubble IMR95 | 1JNB8 327,150 55,173 86,120 | - 248442
Haul Clay/Soil G55 Procese 1MRO5 | 1uN33 228,992 36,292 61,895 | . 226.179
Haul Rubble to Cell IMRSS | 1Acas | 1853672 | 482,041 570,421 | 3,008,035
Transpon Saile oic, IMRIE | 1AGSS s17.847 | 143,754 178,567 | 938,968
Haul Treated Wiats 1o Call New Evtimate
€SS Procues | imess | 1JN98 | 2818268 | 722,704 a20,a27 | 4387799
Remove Houl Roods 10c99 | 2DC9e 147,708 35,969 | 43,031 228,765
Remave Contral Dikes 215P98 | toNves 253,181 84,440 102,491 540,112
Remove TSA 2AG98 | 153PBY 174,841 38,076 48,218 282,526
‘B.M,| = Bord, Margin, and Inaurstcs
musers\jcanasigenzues\anatappndx-a.pHab A-3




*ALTERNATIVES SUMMARY COST ESTIMATE {Continued)

| Remava MSA 2AGSE3 201,048 . 45,965
| Remove Trastrnant Faolity 2N 99 299 108,633 2B,028 31,304 184,985
| Rormove Water Tregtment Faolity | 1T NVS9. | 20099 63,873 18,927 19,345 101,948
Remave YRF Faclity 21spag | 220C09 108,833 28,028 - 31,304 184,965
Call Dporatione "1 MA 96 2DC 99
Fiaos SoiliRablte 3,091,781 | 859,283 925,341 | 4,878,415 |
Place CSS Waste 1,549,448 259,101 448,982 | 2,355,528
CELL CONBTRUCTION PHASE 1,2,3 |
Fil Performanos Tawte 1 MR 92 t82 449,829 . 10,770 107,872 588,472
Borrow Sourne Evaluation 219,435 18,000 55,173 286,753
tiner Mﬂﬂw Tans 18,000 a 2, )47 18,747
Mab/Desmab 20,192 a 4,726 24,921
Foundation Phase 1 1 MA 84 1 DG 94 .
Foundaton Phaos 2 4 JH 95 1.JN 96
o Foundation Phaoe 3 1 MR 97 1DC 87
- Prapars Call Subgrada 21,555 B, 714 8,282 33,1548
. Cak Subgrads Excavaton/Fill 238,303 2,08 63,699 440,653
Place Celt Foundstion Clay 2,930,793 838,529 835 487 | 4,402,782
Call Faundation HOPE Liner 1,458,000 31,983 348,954 | 1,838,937
Cefl Foundation Graval 2,475,342 160,751 617,973 | - 3,252,466
Call Colisotion/Dischargs Pipe 242,212 40,272 66,158 348,841
Coll Foundation HDPE Linar 1,468,000 31,883 348,954 | 1.838.837
Call Foundation Gravel 2,476,342 160,751 817,373 { 3,253,445
-} Col Foundation Sand 241,482 | 107,236 222,213 | 1,171,030
Coll Foundation Canarate Sumn. 167,642 37,387 48018 | . 253,648
COVER
Cover Phass 1 17895 | 17 DC 96
Cover Phaans 2 1 MY 85 1.JN a8
B.M,I = Bond, Margin, and Ineurancs
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ALTERNATIVES SUMMARY cuﬂ_esnMME?{canﬁnuad}

Cover Phasa 3

3 1t Froat Proteotion Lawer Side K 2,676,789 | 878,059 739,307 | 3,601,245 |
4 ft Clay Govar Side ass1806 | 787,018 | 1.008728 | 5208381 '
4 ft Clay Cover Top 1 305,857 85,921 12788 | 584377
2 % Froet Protaction Cover Top | 189,310 44557 | 67114 | 300,980
Instail HOPE Sidw J_ 1,351,744 38,497 sas.504 | 1,715,835 |
inatall HOPE Top . 146,800 3,198 34,995 193,894
Filtsr Side 763,156 498,784 202,688 |° 1,087,500
Rip Rap Side ' 1379.621 | 157,269 359,937 | 1,999,818
Choke Rock Side 825903 | . 11eeza | 221828 ] 1,187,432
Fitter Top 153,831 18,167 20514 | 213,502
Choke Rock Top 182,716 27,882 61, 68D 272,388
Instait Drein Top 379,470 [ 22,350 47,208 249,085
Mace Sod CSS 16FR00 | 160000 | 1.049.220 | 144,644 279,803 | 1,473,468
Haul Foad Melntanance 10IN93 | 15JLOD 250,987 | 50,820 70608 | 372,083

Cell Cewataring TMAS4 § 1 MROO ST 412 152,548 189,329 892,337

Claar Cover Bonow 10c94 | 1DC94 7,500 ol 10,476 88,176

Mobilization Call 1 FE 94 1 1M 948 502,139 0 117,601 618,738

Training Call 1TFES# | tJLOG 262,629 81,847 73,560 387,766
Winter Shutdown - Colt 10C 84 1 MR DG 2,195,865 .0 514,272 2,710,187

Dacontamination - Call _ VJH g8 1 FB O& 234,071 58,593 31,517 442,280

bemobilization - Cel 10Ne8 | 1ago0 502,139 o 117,801 819,729

Dispowal Calt Enginesring _ 1MREZ |- 1JASH 1,297,731 ] 303,943 1,601,734

Qi Digposal Cell C55 1 M8 54 15 4 00 3.?15;0?2 a 281,780 4,840,852

Long Term Malntanance

P T T —

Inartall Monitarisg Weks 1 MA 98 1598 _ 3,080,785 .
Initlai Topogmphic Survey i JN 9% 1 5P _ 5,000
Annus Env Monitorng 1 JAG1 1 Ja 8t 10,745,120 #88.218 2,672,030 | 14,081,528 I

A,M.1 = Bond, Margin, and Insurmnos
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Annual Site lnepection

1JA01

3,726,000 |

Anrual Site Malntanance 1 1A 01 134 31 5,863,000 }
Rapleca Fanos at 16 yesis 1IESP15 | 27 0C16 84,8500 N 11,528 104,029 |
230030 | 20DC 30 27,842 8, Ba5 8522 44 909

Roplace. Fanca at 30 year:

18 5P 15

24,500

24 OC 30

17.842

8,545

8,522

Spacidl inpact at 1% yoarg

1IN 15

Special Inepsct st 30 yeare

1 JN 30

B,M.| = Bond, Margin, snd lncuranos

m:mirslinnnmiwnzdcﬂmhppndx-u,pinﬁ
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: Elenr and Grub Light 1 MR 93 B M4 53 178,727 43 552 sméa 274,350
| Ciaar ard Grub Hasvy 7MaARs | 20UN893 161,021 42,948 a7,788| 251,736
| Conatruct Retention Pand 1 MA 92 1.JN 93 48,202 11,382 12,273 59,947
Doubla HOPE tinét Pand TJN93 | 1sama3 84,340 1,673 18,274 95,288
Water Control Dikes 16894 15 JN 94 826,213 82,114 210,154| 1,107,481
Southasst Drainage Control 1 MR 34 1% JL 94 307,667 39,486 81,209 428,432
Haul Road Al 1483 | 20MAB3 235,004 81,495 §9,440| 365,933
tisud Road Base 21Mys3 | 10Jn93 186,472 10,424 48,112] 243,008
Faundstion Mobilzstion 15 MA 83 1.2 93 74,280 ) 17.396] 91,678
Foundation Traineg 1EMASE | 1aNVEE 133,322 32,016 sa,y22| 204,083
Fourxdation Demobilizatian 1nNvas | tJaws 74,280 o 17,388] 91,878
Rumove Foundations (Pha 1,2,3) '
Hrhese 1 29uN9s | soces
Phass 2 23NVEs | z3apad
Phase 3 100C95 | tsNO9S .
Foundation Exc/Relkfl
Phess 1 38% 110,300 24,767 st,833| 168,700
Phase 2 50% 15%,201 34,400 43,9348 231,537
éhnn 314% 42,882 8,831 12,301 B4,B26
Foundation Brankags
Phase 1 - 346,574 77,654 99,823 516,05t
Phase 2 454,131 107,953 138,843 730,028
: thé 155,557 30,199 48,810 204,575
Phwas 1 §0,%83] 14,716 17,835] 92,933
Phase 2 84,144 20,438 24,493] 129,074
Phase 3 23,560 723 6,858 36,141
* 8,M,1 = Bond, Margin, and Insursnca
mausersijosnnsigonzsesteaatapprchi-5. plias A-T




ALTERNATIVES SUMMARY COST ESTIMATE (Continued)

| Rarmove Underground Fips

1anves | 1,470,207 37370 431,984 2,275,882

Backfikt Fips Trenoh preen 107,794 120,286 632,891
Rerove Contaminated Materisl 188,391 42,855 ag763] 287005
Winter Shutdawn - Chmel Pint 10C 93 1 MA 99 213,348 o 4n,966] 283,314
Contaminated Soi Excwvtion

Horth Dump 8 MY 59 1 JN 99 87,100 18,273 va,626| 102,888

Ash Pond C20M99 aJiL9s 107.714 26,122 31,344 188180
" Frog Pord 11 AP 886 E MY 95 8,866 18,701 s0,040| 105,607
Intal Gravel Base _

Avh Pond 2.JN 99 & .JL 99 8,730 41 12,388 70,597

Frag Pand 11 APBS | SMY9E 11,348 94 2,679 14,118
Dewater Frog Pond 25 MR 9% 10 AP 986 12,085 2,442 3,4&: . 17,929
Surtaos il
Phae 1 7 0C 93 t NV 83 80,380 14,080 24,288) 127,718
Phase 2 1 MR 95 2 AP OB 150,175 23,871 0,718 214,882
Phavs 3 1 MR B8 2 AP D6 107l 2367 40,718 214,562
Mobilization Scil Excavation 7 0C 93 6L 99 17,107 0 4,008 21,112
Training Soit Excavation 16 5P 93 5 JL 28 138,758 38,576 s0.431] 213083
Dernob Soll Exoavation 2 NV 83 1 AG 99 17,107 o 4,006 21,113
Equipment Dsoontamination 2 NV 83 1 AG 99 £9,85% 29,545 27.963| 147,383
Reclamation Backiil '
Phase 1 2RV 93 40C93 | . 164,957 20,955 47,733 251,848
Phase 2 3 APSS 3 N §6 263,441 59,897 79,937|  ass.478
Phase 3 3AP98 | 10My 98 172,037 40,573 49,782} 282,342
Fance Removet 15 5P 00 7 HV-00 86,708 26,613 26.540| - 199,880
Restmmation Baockil 1MR00 | 16 AGO00 874,837 208.018]  253.080] 1,323,748
Topack 15JNc0 | 155P0Q 475,871 48,627 123,026] - 848322
Sand. and Muloh 20 JL 00 1 5P 00 8E,502 9,603 18,382 28,307

* B,M.i = Bund, Margin, and Insurence
milusersijoannaigonzeleslesolappnds-o.pllAS A-8




- ALTERNATIVES SUMMARY COST ESTIMATE [Continued)

T

Sits Restoraton Mob 1RO

Site Restoration Trein 17800 15P 00 38,272 8,227 17,124 sq,823

Site Revtoration Demab 184600 | 185P00 28,524 0 5,680 a5, 2043

OPERATIONS
MSA Conatruction CtRFB91 | 1aFB92
Oporats TSA 15 JL 83 15 4L 98
Oporate MSA 1891 | 18Ja96 | 32sd800] 280475  B7R810
Conetrust Dacan Pad 1masz | 154G 92 30,188 4,654 8,162
Qpareta Daoon FacBivy 14 AQ 82 1 JA GG 730,554 229,507| Z24. 941
Gonstruat VAF 28 FB 84 2% FR 95 2,705,282 21,003 515,943
Opetste VRF 1 MR 94 1JLes | 1879418 358,718 47¢,963|-
Building 434 Load 1 MR 95 1 JA 00
Building 434 Haul PP Mtria 1 MR 85 T JA 00
Operets WTP DFf Sita 14a632 | 11Nves | 2078803 404,824 561,199
Canatruct WTP 4,841,088 134,158} 1,186,202
“Train 1 1Moce | 1saasz
Trai 2 Z8FBE94 | 28FB9S
Removs Heul Reads 2 OC 80 20C 99 147,786 35,989 43,031
Ramove Comrol Dikes 216P99 | 10nves 353,181 84,440 102,491
Remove TSA 2Ac99 | 155P99 174,641 30,078 48,818
Rarnova MSA 2AGO9 | 20SP98 201,046 45,9086 57,850
Remnove Treatmant Facitty 2N 92 2 JL 99 105,833 28,029 31,304
Remove Water. Trastment Faclity 11 WV 99 2 bC 99 pae7s] 18927 18,345
Remove VEF Faallity 213p98 | 220C98 105,833 28,029 31,304
Ha 1o Size Aeduotion 1 MR 95 14099 481,047 116,988 140,200
Traneport Rubble 1 MR 9% 1 JN 99 227,150 85,173 8,120
Haul Clay/Soil Vitril Process 1 MR95 3 JN 38 694,467 138,225 194,548
* B.M.J = Bond, Margin, and imsurancs
m:uesavjoannsigonzelasiassiapprdx-a.piAG A9
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- ALTERNATIVES SHMMARY COST ESTIMATE (Continued)

53,225 333,203

Mobilization 1 JA 9405 1 MR 95 203,975 Q
Dermobiization 1N 39 1 JA 00 269,975 0 §3,228|  233.204 _ )
Tralnlng 1 JA 85 'I Jh DO 404 E78 . 164,312 519,873 630,882 -
Load el Mi-h.uriul 1 MA 9B 3 JA DD 16,880,043 2,347,483 4,456,248[ 23,493,736
Surge Fils Maintenance 1 A 9% 1 JA0 1,332.87¢€ 339 876 301,782 2,084 835
Wintar Loed at VRF 1 BC A5 1 MR 53 313,416 77 TO8 81,622 482,835
Guard Servicas 1 MR 35 1 1A QO 351,120 141,782 115,840 BOR, 3B .
Conatruct RR Siding 1NV M 1 D5 B 2,285,000 Q X3E,147] 2.820.147
Cormtruct Tranetar Pads 1 DC 94 1 DC‘r 94 222.3(?'."'. Q 52,083

46,310 18,020 18,080

48,891,117

12,819,027

|
PRESENT WORTH o 115,080,981

142,819,400

B,M,) = Bond, Margin, and ineursncs

neiusers joahnsigonz sl enstappnobr-a plis s

A-10




ALTERNATIVES SUMMARY COST ESTIMATE {Continuad)

DISPORAL CHLL/CHENRCA). PLANT WY

Clear and Grub Light 1ma53.] sMmAS3 178,727 43,662 52,080 274,350
f Claar and Grub Heavy TMASS | R00M83 161,021 42,948 47,788 261,736
| Construct Retsation Pond 1 MA 93 1 JN 93 _46.:32 14,382 13,273 83,947 §
| Double HDPE Liner Pond 7 JH 93 15 JN 83 68,340 1,673| 18,374 ES, 208
wmr Coatrol Dikes 19804 15 JN 94 838,213 82,114 210,354| 1,107,481
i Southeast Dralhage Control 1MR9s | 15JL94 307,667 29,488 81,299 428,432
| Haul Raad Fil 1AP93 | 20 MA 93 235,004 51,495 68,440 365,939
| Haul Road Rase 21 MY 93 10 JN 93 186,472 10,424 46,113] 243009
Foundstion MobRizeton 15 MA 92 14103 74,280 a 17.396] 91,878
_ Fourwlatian Tralring 15ma93 | 18NV aE 133,322 32,015 38,722] 204,069
Faundation Cremobliization 1 NV 95. 1.JA 94 74,280 a 11396 . 91,676
Aemove Foutdations (Pha 1,2.3) '
Phase 1 23 JN 93 8 0C 93
Phase 2 23NV9S | 2aap9s
Phasa 3 10 OC 85 18 NV $5
Foundation Exe/Bokdll
Phase 138% $10,300 24,787 31,833 166,700
Phaos 250% 153,20t 34,400 43,9a8f 231,637
Phass 314% 42.893] 9,831| 12,301 84,825
Foundstion Brankaga
Phann 1 348,574 77.864 a5,823]  §28,051
Ptinas 2 484131 107,852 138,643] 730,828
Phasn 3 13&557 30,198 38,820| 204,578
Foundwtion Haal '
Phaas 1 0,583 14,718 17,835 - 92,933
Phase 2 84,144 20,438 24,493 129,074
Phese 3 23,680 5723 84858 38,141
* “B,M,] = Band, Margin, and Insurance
- musars\oannsigonzalesteaalappnds-n.piaS A-11




1,470,387

. 373,704
406,611 107,794
 Hormuve Contarninated Matorial 185,381 42,855 40789 267,005
Wintar Shutdown - Chenl Fint 1.DC 93 1 MAL 3D 213,348 0 apse6| 263314
mntanﬂnlhd. Soll Excavwtion
Narth Dumg 14083 | 1AGS3 67,100 18,273 19,5286
Ash Pond 2 1K 99 adLos | 107,714 28,122 31,344
Frog Pond 19 AF 98 B MY 98 88,666 18,701 20,040
Footall Gravel Bave
Avh Pond 2JH 99 & 09 © 58,780 4n 13,396
Frag Pond 11 AP 96 5 MY 86 11,348 94 2,679
Dowatar Frog Fond 25 MR 30 10 AP S8 12,065 2442 3,402
South durmp 15 OC 97 10C 87 149,210 36,188 43,420
Sivface Sol
_ Phase 1 27 FB94 | 23 AG 94 255,080 40,204 65,151
o Phase 2 1 MR 98 2 AP 98 150,175 23,871 40,715
-+ liMobilization Soll Exoavation 7ocea | anss 17,107 0 4,006
| Trawning Scil Excavation 15 5P 93 8 JL 89 138,768 33,876 ao431|
: omob Soll Excavation 2 NV 93 1 AG 99 17407 o 4,008
Equipment Decontamination 2 NV 92 1 AG 59 89,855 23,545 27,363
Asclamation Buck##
Phase 1 24 AP 94 1JUL94 418,388 08,553 121,070
' Phass 2 2AP98 | 10 MY 98 172.085 40,530 48,790
Fance Removal & Installetion 165700 | 270000 94,500 o 11,529
' zaocoo | 20pcon 88,708 26,613 28,540
_ Realamation Baukfl 1MACO | 18 AG DD Er4837] 208,018 253,090
Topaolt 15 JN 00 1% 5P 00 475,871 49,627 123,025
Sead and Mulch 20 3L 00 18P 00 68,602 9,803 18,292
" B,M,} = Bond, Margin, and Insurnpos
m:iueststjoannelganzal se\aasiappnx-a.nl A5 A-12



ALTERNATIVES SUMMARY COST ESTIMATE {Continued)

Sita Reatoration Mob 16800 [ 15.N00 28,524 o 8,880 36,204
Eite Reatoration Train ) % FA OO 1 SP OO 58,272 8,227 11,124 &8, 53 |
Site Reatoration Deenoh 18 AG 00 15 5P 00 20,524 0 8,880 35,204
OPERATIONS
MEA Construction 18 FB 31 1B FB 82 0
Qpatate MSA 18N8 | 19JA98 | 3.294800] assazs|  e7e.9t0| 6.163,908)
Ciperate TEA 15 3L 93 15.JL95 ' 2,002,194
Construct Decon Pag IMAD2 | 1BAGe2 30,188 4,854 8,183 43,018
Operate Decon Facikty 16 AG 92 1 J4 00 730,560 229,907 224,841} 1,185,407
Construct VRF 28 FB 84 28FB 95 | 2,288,292 31,003 s3g,024] 2,898,308
f cperate VRF 1 MR.95 1L 99 1,679,419 456,716 a78,863] 2,512,998
Building 434 Load 1 MA 96 1 JA D0 ' 181,973
Bullding 424 Haul PPE Mle 1 MR 95 144 00 377,180
|| oparate WP On site 164G92 | tENVSS | 2343722 agE,326| 657,382 3,488,941
‘Construct WTR 4,841 088 134,158 1,188,202
Train 1 11 QG & 16 AG 92 o
Train 2 20FD94 | 29FB S 1,187.9188
Haul to Size Reduction- 1 MR 95 1L 89 481,647 116,988 140,200 738,835
Transport Rubtle -1 MR 95 1% 88 227,180 56,173 86,120] 348,442
Huul Clay/Soll Viaif Procese 1MRes [ 1Jn9s 694,467 130,226 194,548| 1,025,240
Husul Rubbte to Cell 1 MR 95 1 AG 89 1,963,672 427,041 570,421| 3,008,036
Traneport Sola ata. 1 MR B85 1 AG 99 &17.847 143,754 178,367| 239,908
Additional Haul Cost TSA 1 MR 95 1 AG §9 330,557 78,910 95,420| 502,898
Haul Trasted Waste to Coll |
Vitification Prooess 4 MR 95 1Ju99 | 1818902 430,489 516,338 2,773,731
Rervovs Heut Roads 20C 83 2DC 99 147,788 35,968 43,021 228,708
Remova Control Dikes 21SP83 | 10NV 99 253,181 24,440 102,481 540,112
Remove TSA 2 AG 93 15 5P 98 174,841 38,076 49,218 262,538
' E.M.| = Bond, Margin, and Insursnce
muserscanneigonzalesieasiappndx-n.pilas A-13




: 2AG99 204,048 45,986 304,881

l flomove Trastmant Faciity. 2 JN 98 299 108,633 28,029 91,304 184,968
Romove Watar Trastment Faolfity 11NVos | 20GcE $3,673 18,927 19,345] 101,345

IRnrnm.rl VRF Facility 218P93 | 220C 99 108,833 28,029 31,304] 164,985
el Cpsrations 1 MR 95. 2DC a3 .
Flace SoilfRubhla .3,0&1 781 859,203 925.341| 4,878,415
Place Vit Waste 950,724| 247,445 280,811 1,478,780
Furnish Clay Binder 1 MR 85 1IN 99 217.817 48,694 az.m7|  az0928f

TWO CHLL
Fil Parformance Tests 1 MR B2 1JL92 449,620 10,770 107,872|  B6e,472
Barrow Source Evaliation - 218 486 1g,098 65,373 200,783
Linar Campatibllity Tests 15,0600 Q 3.?4.?' 18,747
Mob/Demab 20,192 ) 4,728 24,921
Foundaton Fhasge 1 5UL34 | 30NV
Foundation Phaas 2 11 MY 98 | 2t MY 87 .
Prepars Call Subyrede ' 18,444 4,180 4,693 24,200
Cal Subgrade Excavation/Fil 248,558 48,876 gs,808| 387,128
Place Ceil Foundation Clay 2139,473]  eseses|  e0sss1| 3214008
Gell Foundation HOPE Liner 1,064,340 23,348 254,738| 1,342,424
Cell Foundution Gravel 1,810,325 117,584 251631 2,879,400
Cull Collaction/Disckharga Fipe 27411 18,198 26,8507 140,214
Coll Foundetion Sandt 811,887 78,082 181,808 851,658
Call Foundation Concrats Summ. . 87,0587 14,9455 18,207 11219
COVER
NiCover Fhasa 1 1/9 | 17pDC97

Gover Phasa 2 1 MY 97 15 JN PO
3ft Frast Protection Layer Side 1,936,151 432,840 554.318| 2,923,808
4t Clay Cover Side 2,867,023 B79,241 760,275| 4,006,538

" B,M,| = Bond, Margin, and Insuranos

miugersyjoenns\gondeesiassiappnds-a.pllal A-14




234,453 3%2,223
2#t Froet Protection Cover Top 112,60 2K, 48 22,836 171,888
[inetat HDPE Sics 1,016,678 29928]  2ea845| 1,289,248)
| Ingtall HDPE Top &7 AB0 1,319 20,937 110,338
[ Fisar sida E88,688 73,434 156,303 318,433
i Rip Rep Side 1,084,718 117,944 289,.963| 1,422,613
 Cheke Rock Side 833,238 91,841 169,027] 895016
Fiiter Top 102,554 12,771 27,008 142,334
Choks Rook Top 110,128 16,950 29,537 166,855
tnetall Orain Top 107,554 12,771 27,009 142,234
VITRIRCATION CHLL
Foundation E.JL 94 2 NV a4 .
Prapare Cotl Subgrade 8,135 1,658 1,825 8,818
Call Subgrads Excavation/Fil 133,242 28,194 37,341 198,780
Calt Subgrede Borrow 526,747 117,758 150,943 796,449
Cavar 24N 88 i1.JN OO ‘
Filter 102,564 12,71 27,009 1 42334
Clay Cavar 483 581 105,627 137,482 728,480
Frest Proteotion 341,674 78382 97,909 515,986
Choke Rock 550,542 79,948 147,684 779,274
Place Sod VIT tSFEOG | . 15JL00 1.085,780 149,881 289,340 1,524,781
Haul Rosd Maintansnce 10.JN 93 15 JL 0D 2B0,957 50,520 10,806 37,083
Cell Dawataring 1 MA 94 1 MA D0 E70.412 152,598 189,329 892,337
Claar Cover Boraw 100 84, 1DC 94 87,500 0 10,675 294,176
Mobitizetion Cell 17894 1656 502,138 o 117,801 518,739
Training Cell 1 FB 94 100 252,529 81,547 73,520 3BT, 7R
Wintsr Stutdown - Cail 1DC 94 1 MR 00 2,195,868 o 514,272| 2,710,137
Decontamination - Coft 1.4 99 1FROO 204,071 98,203 #1517 452,280
) B,M,| = Bond, Margin, and Insurance
m:wsersjooansigonteluenssimppndx-a.pilal A-15



- ALTERNATIVES SUMMARY COST ESTIMATE {Continuad)

Dernobilization - Ced 1.JN 99 502,138
{ Diepoael Cel Enginsering 1 MR 82 1Ja84 | 1,207,791 al  30z943| 1,801.734
! QA Disposal Cell VIT 594 15 JN 00 3,044,037 G 712,813 &, 768,850 )
Long Term Maintension ' ,
Inztsll Manitering Welle 1 MA 88 t 5F 89 3,888,738 |
Initial Topographio Survey 1 N 88 15P98 45,000 |
Annual Env Manltoring 1JaA1 1JA A1 10,743,120 £86,218 2,872,090 14,081,625
Arnugl Sita Irapaction 1A 00 1A 3 3,736,000
Annual Site Mainteranos 1JA01 1JA 31 1,883,000
Replace Fanoa at 1% yeors 15 &P 15 27 00 18 94,500 ™ 11,628 108,028
28 DC 30 20 DC 30 27 842 8,645 4,822 4, 903
Replacs Fance at 30 yoars 1S 8P 1B 27 OC 18 sd;ﬁuu i) 11,523 108,028
24 O 30 20 DC 30 27,842 B, 546 B b2 a44,909 4
Special tnepect &t 15 ywars 14816 18P 1% 99_.060
Epecial ingpact at.aﬂ yean 1.JN 20 1 5P ab

TOTAL

B M.| = Bond, Margin, and Insuranes

m-wersijoannet ganzelastaasiappndx-a pilAS
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88,475

| Oparate MSA 1BJNS1 | teJAee | 3,294,600 979,910] 5.163,956
Operato TSA waes | ismoes | . 2,002,194 i
Conatruat Decan Pad TMR9Z | 154092 30,199 4,854 8,163 a3 018
Oparata Decon Facility 18 AG 92 - 1JL98 404,735 108,058 120,098|  8az,807
Gperate WTP On Site 18AGS92 | 11Nves | 1,392802] 214842 388,150| 2,048,496
Lotvg Term Maintenoiss

Annusl Env Monttoring 1.1a 87 1J427 | 10,743,720 686,316F  2,872,080] 14,081,526
Annua! Site Insproton 1JA 97 1JA 17 1.583,000
Annusl Site Mairtanancs 1.JA 87 1 JA 27 221500

| PRESENT WORTH

E. M. = Bond, Margin, ard Inaurse

m:\usm\juaﬂm‘mnnzﬂulau‘mpprdﬂ-l.pihﬁ
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e A T S e mE R e

. RAFFINATE PIT8 VT
; VIT Benoh Soals Testing 160492 16sA83] 2,612,000 of =e9,481] 3106481
| VIT Piot Soste Tasting 1ns2l 1espes] aseo00} ol e71.830] s17.830
i Construat Vitr Fauhity socss| 2sua8] 20498888 ‘0]  4,797.977] 28,823 582}
Oparata Vitr Faofity 1 MA 86 199 13.682.043] 2,141.852] . 3.706,007) 19,530,691
Troatrnant Faolity Mok VIT 158Pe3|  I5FB9S| 206,094 o ag033| 263,127
U Treatment Focibity Trin WIT - soces| 1JNme| 277,504 87,744 30,857| 425,108
Trantmant Fadility Dernots VIT sJass| 1sJaes] 205004 0 ae0az|  283.127]
: Mobilization 2agps] tmres] ssarl o z2a.300]  122,797)
Tralning - 2A034]  SNves| 208,128 50,808 s0.643] 319,579
Site Preparation '
Clear and Grub Rafinate Pits | 13spsa] 1sDC9s 94,518 24,822 28,418| 149,758
' Claar and Grub Haul Roads 128P8a} 27SP34 ac2esf 8708 s988 47,358
{ Borm Conetruction (Conat. Bawry | 16028 3 JA 56 30,917 7,578 5,902 47,387}
Temparary Water Contral Ditchas 16 O 94 3 JA95 1,248 218 343 1,910}
Double HOPE Liner for Basin 4JA9E]  17JA8B} 124182 2057  2s748] 156,784
- Haul Rosd Sub-Bass sespsdl 3NV a1,396 18,818 1a,083| 95,284
Haut Road Aggrepste-Base " zesP9al  AINVE4} | 82484 3,878 20,2221 108,686
Dredge and. Dawater Al Pits VAT 1 MR 95 1pcsr| sarosso]  227347]  1086.218] 6724218
' Pit 1 ' -
T Seotion 2m¥es| 11 unas 27,205 7,018 8,036 42,348
Rornove Bass 2MYSE[ 11N 95 $9.668] 18,418 20,1%8] 108,232
Pit 2 _ ' ' .
¥ Sostion ' 10.96]  11AG9E 27,295 7018] w088 43,348
Remove Bese | 1095 11ac98] 69888 16,415 20,168] 108,232
— | .
: Rsmove Bace mAPSTE  158P87 446,925 105,081 128,046  €80,061

B,M;| = Bund, Margin, snd Inactance
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1 M8 98]

1 DC a2k

180,438

233,689

Remove Robide

108G 3

2t DC 9

5099

19,731

22,2081

I HEPA, Vantlatdcen

1 AP DS

7 MY 35

55,888

0

23,181

2 MY 35

1 JH 98

285,31

2,324

49,018

2 MY 35

5NV 35

136,083

27,407

39,239

11 AG 95

1 NV BE

434,644

97,413

124,808

i Reynadiats Pit Jand Pit 4intl

1 MR 38

15.JN 53

892,658

130,588

187,018

Ramnadiate Pit 3and Fit 40l

T4 JN #8

14 AGQ 55

326.28%

48,838

I’Tﬂ?i

Topsol 1aaes]  enves]  saz7es 87,084]  166.250] 878,111
Soad and Muloh 10c98] 108V 99 71441 10,015 19.077] 100,832
Houl Rowd Dacontarination 1mroe| z0apss| 113798 27700 33.138| 174,097
Dewatering Phaaa 4 1My  LNVSS[ 10282 24,984 20922 157,738
Dewatating Phese 2 15aP97| 18ages| 47ema0|  11smes| - sasess|  7Is17
Equipment: Decontamination 22Bc98| 15MV e 23,860 12,534 10,208] 67260
Dameblization ' 220c88]  SNves 99,487 o 23,300} 122,787
Winter Shutdown 1BCasE  1MRS9{ - 320.770F 0 78.980) 405.JERY

TOTALS

JPRESENT WORTH

B,M.| = Band, Margin, and Insuranirs

mauasrsijoannelgon: ohea\vasappndy-a,piiss
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ALTERNATIVES SUMMARY COST ESTIMATE {Continued)

C8$ Benah Sonle Teeting 1Baasz| 1ssasma|  ast000 ol 198.304] 080304
155 Filot Soala Testing tJNe2} 1ssPeal 861,000 o] 201,848 1,082,848
| Construct cs3 Faclity 35C 83 254 951 2,510,000 a 5R7.842] 3.087.R42

Operate CS8 Facllity 1 WAL 96 1 mss| 10090417  woazee| - 2,694,288 14198408

Treatrnent Facikty Mobs 58 1s2pe3| 15FB9S| 102847 0 24017 126584

Yraatment Facliity Tealn C5S 3 0C 93 1UN9s] 138762 33,872 aca28| 213,082

Treatment Faallity Dermobe CSS waa9s|  1sase]  i02s4a7 ol 2ap17] 126884

Mobikzatian zAGo4]  1MY9S 29,487 o 23,300] 122,787

Trsining 2acia| swvee]  20m32e 50,808 so.643] 310,879

She Praperasion

Clear ard Grubs Ruffinats Pits 13sP94] 18DCBY 58,518 24,822 28,418 148768
Cloar and Grub Haul Roads jasras| 273Pes 30,266 3,108 2,998 47,388
Borm Conetruction {Conat. Basin) - 30 DC 94 3 JA 95 30.817 7,578 8,987 47,367
Temporary Wate: Contral Ditohes 14 DC 5.4 2JA05 1,249 21a a43 1210
Double: HDPE Liner for Basin sia08| 17Ja88] 124182 2,857 20.745] 146,764
Haxs Road Sub-Base - seoPo4] 3NV 4 81,396 15,815 12,003 95,204
Faul Rosd AggragateBees 29 5P 94 aNvs4l. - 82,484 3,879 20,222 105548

Dredga AN Pits CS& 1mr9s| 1pcer| 2472700] - 117.808] scesss| 3,197,201

P4 '

T Section 2MY9EE 11N 95 27,205 7,018 soas| 42348

Removs Base 2MY96] 11N 9B 89,868 18.416 0,188 108,232
P 2

T Saation 195l 11ac986 27,295 7,018 8.036] 42,348

Remeve Base 1085  11AGE 89,854 16,415 20,188] 108,232

Pi &

Romove Bess 1sarey|  15spe7]  ess928]  105081)  128,045]  esa081
* B.M.1 = Bond, Margin, and Insucance
miwrerstjounseigoraaes\sss\appad-a. pRAS A-20




" ALTERNATIVES SUMMARY COST ESTIMATE {Continued)

Ramove Baso 1mMaes{ . tDcw 804,147 180,438 233,869| 1,292,454}
Ramnava Aublle 1 RC 9§ 21DC 98 76,0848 19,731 22,209 117,040 :
HEPA Vendtation 1 AP 35 7 MY .95 29,598 6 23,181 122,057
Temparary Haul Road Pit 2 MY 85 1.JN 98 286,31 #,324 sp.0n8f 388,713}
lt-hml Road Maintenunce 2 MY 95 BNV 59 138,083 27,407 se,2e3] 201,790
Remadiats Fit 1and Pit 2 1146951  1xves|  4ase4s o7.413]  124,608]  ese,.8e4]
Ramadiate Fit 3snd Pit 4ind '|'m'5.5 15 .4 99 EBZ._EEB 130,508 187,018 BA0, 161
Famedinte Pit Jend Pt #fnl ames} 18AGas 325,385 48,938 a7,176| 458,388
Topsoil 1acom}  swnves]  sep7es 67.084| 166,280}  BYEA11
Sasd and Mulch 1ecae| 10NVIe 71,441 10,016 12,077 100,523
Haul Road Decontaminatioh 1mAee]  20AP99 112,788 27,700 23,139] 174,837
Dowataring Fhasa 3 1 MY 95 1 NV 86 ibz.m 24,984 29,932 157,734
Dowataring Phaas 2 15 AP §7 18 AG 99 479,840 114,643 139 885 738,117
Equipment Dacontamination 220088) 15My 99 ss.860] 12834 10,368 57,280
Demabilization 22 bC 98 5 NV BS 99,487 0 23,300|
10¢ 95 1mmes| 228770 0 16,998
sagas] 21pces| saseots] 11es441] 2285488

B.M,| = Bond, Margin, and Irsurance

mvidersijoannelgonzalnstanstapprds-a.plias
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. ALTERNATIVES SUMMARY COST ESTIMATE {Continued}

WP - Army Propertice & & 6
YP - Bugch Prapartios B35
E VP - Amny Praparies 1,23

Buosh Lakes 34, 35, 36

B.M.| = Bond, Margin, and Insurance

mausersijoannatgonzilastaasiappndx-npRAS A-22
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